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CONFORMATION AND ITS RELATION TO MILK PRO- 
DUCING CAPACITY IN JERSEY CATTLE^ 

JOHN W. GOWEN 

Maine Experiment Station, Orono, Maine 

During the years in which observing men have kept cattle for 
milk production there has grown up the opinion that certain 
points in the conformation of the cow are directly associated with 
milk production. Perhaps no clearer statement in exemplifica- 
tion of this view can be made than that given by Mr. R. S. Curtis 
in his book on Cattle Judging (3) : 

When judging direct fitness for the block or for dairy purposes all 
breeding and ancestral records may be disregarded as all practical evi- 
dences of utility and quality are largely visible on the exterior of the 
animal. 

Such opinions supported as they are by much of the literatme 
of dairy cattle breeding and management are of especial interest 
to the biologist. The above quotation expresses as a conclusion 
one of the ultimate ends of biological investigation for many 
years, the resolving of the different life processes into terms of 
correlation between structxire and function. The question arises, 
does this citation from Mr. Curtis express a truth, is it only 
measurably true or is it fallacious? Toward the solution of this 
question it is proposed to subject the scores for the conformation 
of a group of Jersey cows where the milk production of these 
cows is also known, to biometrical analysis in order to determine 
the amount of normal individual variation which exists and the 
relation this variation has to milk flow. 

This study was imdertaken because experience has shown that 
a reasonably accurate knowledge of the normal fluctuating vari- 
ations of a character which is to be used as the basis of selection 

1 Paper from the Biological Laboratory of the Maine Agricultural Experi- 
ment Station^ No. 129. 

1 


JOUXlfAL or DAIBT SOXTINCB, VOX.. Xll, NO. 1 



2 


JOHN W. GOWBN 


is necessary if such selection is to accomplish the desired results. 
Previous studies (5, 11) have shown that these considerations 
have immediate bearing on studies involving milk flow as one of 
the component elements. Milk production is known to be a 
highly variable character controlled partly by the cow's own in- 
ternal mechanism, and partly by environmental influences in its 
final expression. To arrive at any just conclusions regarding 
the merits of conformation it is necessary to have some knowledge 
of the influence of the variations of conformation and of milk 
flow in relation to each other. Such a point of view is entirely 
free of any preconceived theory as to what particular position 
one may hold as to the significance of the amount and kind of 
the variation. 

MATERIAL AND METHODS 

The present study is based on the material collected by the 
American Jersey Cattle Club in its Registry of Merit work com- 
piled by Mr. R. M. Gow^ (2). Part of this data has been pub- 
lished in volume I of the Registry of Merit. The larger portion 
has not been published. The published data gives the name and 
registry number, total score on a scale of 100, the milk produc- 
tion, butter-fat percentage, age, etc., of the animal. These rec- 
ords have been used by the author for a study of the relation of 
conformations of the cows at different ages, as measured by score, 
to the milk productions of the same cows. 

The unpublished data so far as the author is aware have never 
been subject to analysis. These data are far superior to the pub- 
lished material in that the scores of the individual parts of the 
body are given. The score card used in this paper is the one 
officially adopted by the American Jersey Cattle club in 1903. 
The parts of the body considered together with the points allowed 
for a perfect score are reproduced below. The score actually 
given any part of the body of a cow represents the amount by 
which that part of the cow approaches the ideal dairy form as 
conceived of by the scorer. 

* It is a pleasure to acknowledge the indebtedness of the author to Mr. R. M. 
Gow, Secretary of the American Jersey Cattle Club in furnishing a set of these 
score cards for this investigation. We are most grateful for the courtesy and 
cooperation shown by him and the officials under him. 



Points scored by cow: 


COUHTB 

Head, 7— 

A — ^Mediim size. lean; face dished; broad between eyes and 
narrow row between horns 

1 


B — Eyes full and placid; horns small to medium,- incurving; 
muzzle broad, with muscular lips; strong under jaw 

Neck, 5 — 

Thin, rather long, with clean throat; thin at withers 

5 

Body, SS — 

A — Lung capacity, as indicated by depth and breadth through 
body, just back of fore legs 

1 

B — Wedge shape, with deep, large paunch, legs proportionate 
to size and of fine quality 

C — Back straight to hip-bones 

D — Rump -long to tail-setting and level from hip-bones to 
rump-bones 

E — Hip-bones high and wide apart; loins broad, strong 

F — Thighs flat and well cut out 



Tail, — 

Thin, long, with good switch, not coarse at setting-on 

2 

Udder, 28 — 

A — Large size and not fleshy 

6 

4 

}io 

8 

B — Broad, level or spherical, not deeply cut between teats.., . 
C — Fore udder full and well rounded, running well forward of 
front teats 


D — Rear udder well rounded, and well out and up behind . . 

Teats, 8 — 

Of good and uniform length and size, regularly and squarely 
placed 

} ® 


Milk FeiTO.s, 4 — 

Large, tortuous and elastic 

■ 


Size, S — 

Mature cows, 800 to 1,000 pounds 

3 



General Appearance, 10 — 

A symmetrical balancing of all the parts, and a proportion of 
parts to each other, depending on size of animal, with the 
general appearance of a high-class animal, with capacity for 
food and productiveness at pail 

10 

100 
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Scoter, 
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A little thought will make it clear that these records differ from 
most scientific data in the foUowing important aspect. Each 
part of the cow is compared with the ideal in the judge's mind. 
The number of points allowed, or the degree in which the cow 
before the judge measures up to his ideal, represents the cow's 
score. Two variables are thus introduced in the final recorded 
measure of the cow's conformation, the variation in the ideal 
type from judge to judge and the variation in the opinion of the 
judges as to how far a given defect is from the said ideal type. 
The case is something like that of classifying eye colors in human 
beings. We know that the ability of the different judges varies 
and that some may vary so far as to be entirely inaccurate but 
taking the large total number of observers into consideration 
the analysis of the data gives a good mean of how the average 
trained dairyman would classify this group of cattle with regard 
to conformation. The conclusions derived are therefore unique 
in giving the value of conformation as a guide to milk production 
as seen through the eyes of the average trained dairyman rather 
than those of the genius or of the mediocre man. 

The data used for this study were complete for the following 
items. 

a. The judge scored all parts of the cow as indicated in the 
1903 score card. 

&. All cows scored had Registry of Merit records for a period 
of 365 days. 

c. The cows' ages, milk production, butter-fat per cent and 
butter-fat were given. 

Of the total number of records available 1674 records were 
found to be complete for the above data. 

These records are exceptionally suited to the aims of this in- 
vestigation. They are as near a random sample of the judgment 
of what constitutes the type of an ideal dairy cow as it would be 
likely to obtain. One hundred and forty different men have 
scored one or more of these animals. Most of these men are 
well known in the Jersey breed. The cows on which scores are 
taken are all registry of merit cows. The conclusions drawn 
from the data will consequently be representative of what con- 
stitutes the best of the Jersey breed. 
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The methods used are those in ordinary biometrical use. 
Sheppard's correction for the second moment has not been used 
in any of the calculations. Many of the frequencies are quite 
irregular due to mental habit of the observers centering obser- 
vations on even numbers or on the fives. No effort has been 
made to smooth out these irregularities, each constant being 
calculated from the raw data as it stands. 

To facilitate the analysis of the problem the issues may be 
restated in somewhat more concrete form. 

c. How nearly does the representative cow of the Jersey Reg- 
istry of Merit approach the ideal dairy form, as a whole and as 
to the various parts into which the body is divided? 

b. What is the variation of these cows with respect to this 
average type? 

c. What relation has this variation to the whole form (total 
score) to the milk production of the cow? 

d. Does the variation of part of the body measure accurately 
or relatively accurately an increase or decrease in the milk pro- 
duction of that cow? 

The data necessary to this analysis are found in the back of 
this paper. The physical constants of the distributions are given 
in table 1. 

The means in table 1 bear directly on the first object of this 
investigation. In this group of 1674 Jersey Registry of Merit 
cows the average score was 89.848 ± 0.073, in other words the 
average cow of this group differed from the ideal Jersey cow by 
about 10 points. The amount by which the individual body 
parts of these average cows differ from the ideal Jersey cow is 
given in the fourth column. The greatest difference is found in 
the fore udder. This difference is no doubt due to the lack of 
size and symmetry of this part of the udder on many cows. The 
other parts of the average cow which differ most from the ideal 
form are the shape and size of the barrel and the general appear- 
ance (the symmetry and balance of the animal as a whole). The 
size of the average cow approached most nearly the ideal of any 
of the divisions used in the consideration of these fl.niinfl.la . 




Tail — ^Thin, long, with good 
switch, not coarse at setting* 
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While the differences of the average Jersey cow from the ideal 
ts^pe are of much significance, they do not tell the whole story. 
The reason for this is that the points allowed for the different 
body divisions are not the same but are weighted differently. 
The question on which we desire information is the relative 
amount of deviation each given body part has as compared with 
what the ideal would be. This information may be approached 
and measured numerically in a number of ways. Perhaps the 
simplest and most easily understood formula for doing this is 
given below. 

K = ~ X 100 

P. C. 

Where jRl is a whole number ranging from 0 to 100. This con- 
stant measures the relative defect in the conformation of a given 
body part as compared with another in the average typed Jersey 
cow. P.C. equals the perfect conformation of the ideal cow and 
M. C. the mean conformation of the average cow. 

Column five of table 1 presents this information for this group 
of Jersey cows. On the scale of this constant the average cow 
of the 1674 considered ranges from 4.4 to 15.5 units away from 
the ideal type in the different divisions into which the body con- 
formation is classified. 

The most seriously defective places or those which received 
most consideration from the judges pertained to the size of udder 
and its blood supply. Thus the fore udder was the furthest from 
the ideal type; the udder shape taken as a whole was the next 
part of the body most off type; the size and character of the milk 
veins were considered the next furthest off the ideal form. The 
parts into which conformation was divided which deviated least 
from the ideal were the size or weight of the cow. If the three 
main divisions into which the score card is divided are considered 
it is found that the body regions approach nearest to the ideal 
type; the head next and the udder is furthest removed from this 
ideal conformation. If the conformation as a whole is compared 
with the mammary development as a whole it is found that the 
body form approaches most nearly the ideal. From these con- 
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■siderations it becomes plain that in the minds of these judges 
the part of the body requiring greatest development in this ideal 
milch cow is the mammary system as distinguished from the 
rest of the body. 

The variation of this measure for conformation of a given body 
division is given by the standard deviation. The largest stand- 
ard deviation for a given part of the body is that for the fore 
udder. A fairly close second to this is the variation of the gen- 
eral appearance. The part of the conformation exhibiting the 
lowest variation is the size of the body. 

The characters which the judge compares with his ideal are 
essentially morphological characters. It is therefore of some 
interest and significance to consider the variability of these char- 
acters abstractly. This may be done by means of the coefficient 
ef variation. 

The lowest coefficient of variation is that for the total score, 
the coefficient of variation in this case being only 4.95 ± 0.06. 
The coefficients of variation for the individual parts of the con- 
formation range from 5.68 to 17.36 with a mean of 10.19. The 
least variable part of the conformation was the size of the animal. 
The most variable was that part of the head included in the eyes, 
horns and muzzle. Considering the parts of the conformation 
having no direct relation to the organs of milk secretion the 
mean coefficient of variation was 9.84. The mean coefficient of 
variation was 10.91 for those parts of the conformation which 
dealt directly with the milk secreting fimction. Those parts 
of the body relating to the milk secreting fimction are conse- 
quently more variable than those relating to the rest of the body. 
This conclusion seems quite reasonable when it is remembered 
that the greater part of the mammary conformation relates to 
the development of the soft part of the body where as the greater 
number of the other parts making up the conformation relates 
to bone. 

The variability of the mUk production checks well with what 
has previously been fovmd for a pure bred herd of the breed (6). 
When the variation of the milk production is compared with 
that of the parts into which the conformation is divided it is 
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TABLE 2 


Coefjicienia of variation for characterB comparable with those here studied. 


CBARAOrSB 

COSTFI- 

oisMT or 

YARIATION 

A UTHOBITT 

Area of comb (domestic fowl) 

39.97 

Pearl and Pearl (12) 

Weight of spleen (English males) 

Milk production (Jersey Random sam- 

38.21 

Greenwood (8) 

pie herd) 

Milk production (Guernsey Advanced 

25.57 

Gowen (6) 

Registry) 

Milk production (Holstein-Friesian Ad- 

24.72 

Gowen (6) 

vanced Registry) 

Milk production (Jersey Registry of 

24.27 

Gowen (5) 

Merit) 

23.22 


Heart weight (English males) 

22.22 

Greenwood and Brown (9) 

Weight of kidneys (English males) .... 

21.05 

Greenwood and Brown (9) 

Weight of liver (English males) 

20.82 

Greenwood and Brown (9) 

Body weight (English males) 

Rev. maximum daily milk yield (for 

18.91 

Greenwood and Brown (9) 

given age) 

Head — Eyes full and placid; horns small 
to medium, incurving; muzzle broad, 

17.998 

Gavin (4) 

with muscular lips; strong under jaw . 

17.36 

This paper 

Weekly milk yield (Ayrshire cattle) 

17.08 

Pearl and Miner (11) 

Breathing capacity (English males) 

16.60 

Pearson (13) 

Body — Back straight to hip-bones 

Udder — Broad, level or spherical, not 

12.60 

This paper 

deeply cut between teats 

12.43 

This paper 

Milk Veins — Large, tortuous and elastic 
Udder — Fore udder full and well 
rounded, running well forward of front 

12.22 

This paper 

teats 

Tail — Thin, long, with good switch, not 

11.97 

This paper 

coarse at setting-on 

10.96 

This paper 

Udder — Large size and not fleshy 

Head — Medium size, lean; face dished; 
broad between eyes and narrow be- 

10.69 

This paper 

tween horns 

10.17 

This paper 

Body — Thighs flat and well cut out . . . 
Neck — Thin, rather long, with clean 

9.94 

This paper 

throat, thin at withers 

Teats — Of good and uniform length and 

9.91 

This paper 

size, regularly and squarely placed. . . 
Body — Rump long to tail-setting and 

9.72 

This paper 

level from hip-bones to rump-bones . . 

9.33 

This paper 
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TABLE Z—Conlinued 


1 

CHARACTER 

cosm- 
ciBMT or 

VARIATION ^ 

AOTUORITT 

General Appearance — A symmetrical 
balancing of all the parts, and a pro- 
portion of parts to each other, depend- 
ing on size of animal, with the general 
appearance of a high-class animal, 
with capacity for food and produc- 
tiveness at pail 

i 

i 

8.45 

This paper 

Udder — Rear udder well rounded, and 
well out and up behind 

8.41 

This paper 

Body — Hip-bones high and wide apart; 
loins broad, strong 

8.27 

This paper 

Brain weight (Bavarian males) 

8.12 

Pearl (10) 

Body — ^Wedge shape, with deep, large 
paunch, legs proportionate to size and 
of fine quality 

7.90 

This paper 

Body — Lung capacity, as indicated by 
depth and breadth through body, just 
back of fore legs 

7.50 

This paper 

Size — Mature cows, 800 to 1000 pounds . 

! 5.68 

This paper 

Length of forearm (English males) 

5.24 

Pearson and Lee (14) 

Length of femur (French males) 

5.05 

Pearson (13) 

Total score on conformation 

4.95 

This paper 

Stature (English males) 

3.99 

Pearson and Lee (14) 


found that the milk yield variation is about twice as much as 
the variation of the judges estimate of the variability of the 
different parts making up conformation. 

It is of significance to follow this comparison further. Table 
2 gives the coefficients of variation of characters of a similar 
nature to those of conformation save that the coefficients in this 
material are measure or weight accurately in English or metric 
units. 

Comparison of the coefficients of variation for milk production 
of the material used in this paper with that of a random sample 
Jersey herd and for the other cows in the advanced registries of 
the other breeds shows that so far as the variation of yield is 
concerned these data are entirely comparable with those of other 
dairy cattle in this and other breeds. 
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Some variation constants for bone growth and size data have 
been included in this table. It will be noted that the coefficients 
of variation for bone material are in general lower than are those 
for the scores on the conformation of the parts which require 
principally the difference in bone size from animal to animal in 
the make up of their variation constants. The smaller size of 
these coefficients of variation where actual bone measurements 
were used as compared with those judged against the ideal make 
it seem probable that the variability of the score for these parts is 
somewhat too large as compared with the actual variability as 
found on the animal. 

Other data on variation included in this table pertains to the 
variation of the soft organs of the body in various species. These 
data are veiy variable ranging in value from 8.12 to 39.97. 
These constants cover such a range that the comparison of them 
with the data on the variation of the conformation of the soft 
part of the cow is of doubtful value. The data of this paper on 
the soft parts deal chiefly with the mammary system. The 
variation constants for them seem to fall well within the range 
of the same kinds of data on other species although in general 
they are grouped near the lower end of this range. 

THE CORRELATION OR INTERRELATION OP THE CONFORMATION OP 
THE BODY PARTS WITH THE VARIATION OP THE MILK 

SECRETION 

This phase of the subject is perhaps the most interesting since 
it measures and gives the first reliable means of distinguishing 
between the value of the different points on conformation as 
they are indicative of the cow’s milking capacity. Table 3 
gives this information in terms of correlation. The arrangement 
of the material is according to the amount of correlation which 
exists between milk production and the conformation of the 
given part. 

The arrangement of this table shows clearly the items covered 
imder conformation which have value in deter mining what the 
future milk production of the cow will be. Only one part of the 
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TABLE 8 


Correlation between conformation and milk yield 


CHARACTKB COBRBlATBD 

1 

COBBBLATION 

COBBTICIENT 

COBBBLATION 

OOBSmCZBMT 

P. B. T 

Milk yield and total score 

0.1941±0.0160 

12.13 

Milk yield and milk veins — Large, tortuous 
and elastic 

0.1908=fc0.0160 

11.93 

Milk yield and udder — Large size and not 
fleshy 

0.1906±0 0160 

11.91 

Milk yield and udder — Rear udder well 
rounded, and well out and up behind 

0.1710±0.0161 

10.62 

Milk yield and body-wedge shape, with deep, 
large paunch, legs proportionate to size and 
of fine quality 

0.1657=1=0.0161 

10.29 

Milk yield and general appearance — Sym- 
metrical balancing of all the parts, and a 
proportion of parts to each other, depend- 
ing on size of animal, with the general 
appearance of a high-class animal, with 
capacity for food and productiveness at 
pail 

0.1147=fc0.0164 

6.99 

Milk yield and body-thighs flat and well cut 
out 

0.0885±0 0164 

6.40 

Milk yield and body — Rump long to tail- i 
setting and level from hip-bones to rump- 
bones 

0.0862=h0.0165 

5.22 

Milk yield and udder — Fore udder full and 
well rounded running well forward of front i 
teats 

0.0777d=0.0166 

4.71 

Milk yield and teats — Of good and uniform 
length and size, regularly and squarely 
placed 

0.0671:1=0.0166 

4.07 

Milk yield and head — ^Medium size, lean; face 
dished; broad between eyes and narrow be- 
tween horns 

0.0671=1:0.0165 

4.07 

Milk yield and tail — Thin, long, with good 
switch, not coarse at setting-on 

0.0634=1=0.0166 

3.84 

Milk yield and udder — Broad, level or spheri- 
cal, not deeply cut between teats 

0.0615=1:0.0166 

3.73 

Milk yield and size — ^Mature cows, 800 to 
1,000 pounds 

0.0611=1:0.0166 

3.70 

Milk yield and body — Hip-bones high and 
wide apart; loins broad, strong 

0.0589=1=0.0166 

3.67 

Milk yield and neck — Thin, rather long, with 
clean throat; thin at withers 

0.0499=1=0.0166 

3.02 
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TABLE 8 — Continued 


1 

CBABACTBB OORBBLATBD 

CORRIBLATION 

COBFFICIKMT 

OORREZiATlON 

COBFFICXBMT 

P. B. r 

Milk yield and head — Eyes full and placid; 
horns small to medium, incurving; muzzle 
broad, with muscular lips; strong under 
jaw 

0.0419dr0.0165 

2.54 

Milk yield and body — Lung capacity, as indi- 
cated by depth and breadth through body, 
just back of fore legs 

0.0222db0.0166 

1.34 

Milk yield and body — Back straight to hip- 
bones 

-0 0697=b0.0165 

4.22 



conformation has a minus value when correlated with the milk 
production of the cows. Put in words this means that as judged 
by these men the cow which had the hacks straight to hip bones 
were very slightly poorer milk producers than those which were 
not so straight. 

All correlation coefficients but two were more than three times 
the probable error of said coefficient. There are then 15 parts 
contributing toward the ideal conformation which are indicative 
of the high milk producers. The total score most nearly repre- 
sented the milk producing capacities of the cow. 

Of the separate divisions into which conformation is divided 
the milk veins — large tortuous, and elastic distinguish the high pro- 
ducer from the low producer most accmately. This conclusion 
finds interesting conformation in the work of Aldrich and Dana 
(1). This work dealt with nearly 600 cows. Among the items 
considered in relation to milk flow were (a) size of wells, (b) 
diameter of milk veins, (c) length of milk veins. 

The correlation coefficients on these data where accurate mea- 
surements in English units were used, were (a) Aldrich 0.151 ± 
0.031, Dana 0.262 ± 0.027; (b) Aldrich 0.193 ±0.036, Dana 
0.282 ± 0.027; (c) Aldrich 0.003 ± 0.066, Dana 0.211 ± 0.042. 
These correlations where actual measurements are used are quite 
close to the results obtained from the data of this paper. The 
conclusion seems justified therefore that the condition of the 
milk vein is to some extent an indicator of milk yield. 
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It may be well to mention an experiment performed by Graves 
of the Oregon Experiment Station (7), which might to some be 
considered a contradiction to this conclusion. In this experiment 
the Station veterinarian ligated the milk veins on an Ayrshire 
and on a Holstein-Friesian cow. No appreciable diminution of 
milk flow occurred in either of these cows after the operation was 
performed and the shock of the operation was over. Graves 
points out that there are two sets of veins carrying the blood 
from the udder, the so-called anterior and posterior mammary 
veins. In ligation only the anterior set are tied off. He says, 

This experiment proves that the posterior mammary veins are capa- 
ble of carrying all the blood away from the udder. It suggests to us 
that some cows may have the posterior vessels exceptionally well de- 
veloped and the exterior mammary or milk veins poorly developed, and 
yet as much blood may be carried to the udder with the materials for 
the manufacture of milk as in the cow with the network of milk veins 
on her body. 

It seems entirely likely that this experiment explains why the 
correlation coefficients between the milk veins and milk produc- 
tion is relatively low. The experiment does not prove that the 
anterior milk veins are not a fairly good indicator of the cow’s 
milking capacity for it is entirely probable that while under 
stress the pwjsterior veins can take care of all the blood going to 
the udder still under normal conditions it is equally probable 
that the size of these veins is proportional to the amount of blood 
that is necessary for the veins to carry. The relatively elastic 
nature of veins and the ease of their regeneration lend further 
strength to this view. The conclusion previously drawn from 
the data of this paper are, consequently, sound in showing that 
the condition of the milk veins is an indicator of the milking 
possibilities of the cow. 

Close seconds to the condition of the milk veins as an indicator 
of the cow’s possible milk yield are the size and character of the 
udder and the shape of the rear udder. The body size and shape 
together with the general appearance of the cow are next most 
indicative of her milk yield. It is interesting to note that the 
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size of the udder plays a much more important part in the 3deld 
than does the shape and contour of the udder. Likewise it seems- 
that the appearance of the udder is more important than is the 
general form of the body taken as a whole. These facts sub- 
stantiate the view that a cow with a large capacious barrel and 
large, elastic udder is likely to be a good milker. 

These correlation coeflScients are on the whole quite low. In 
this connection it is of interest to compare the relative value of 
correlation coefficients with those for actual milk yields over 
short periods. The problem may be stated thus. 

o. What is the relation between the milk production of a 
short period (say seven days) in a lactation and that for the 
whole lactation? 

6. What is the relation between the milk production of a short 
period and the milk production of a subsequent whole lactation 
of which the short period is not a part? 

In answering this question the author quotes from some im- 
published data soon to be put in bulletin form. Figure 1 shows 
the results of this comparison. 

This figme shows clearly the much superior merit of a milk 
record even though it be for only seven days as compared with 
conformation in distinguishing the superior from the inferior 
dairy cow. The correlation coefficients are arranged in order of 
their value. This arrangement so far as the items of conforma- 
tion are concerned is the same as that of table 3. The range in 
values of the correlation coefficients for milk yield of the seven 
day test with the milk jdeld of the year test in another lactation 
is -h 0.8470 to 0.3351. For the seven day test with the year 
test of the same lactation the range is + 0.8360 to — 0.1157. 
For the parts considered in determining the conformation the 
range is -F 0.1941 to — 0.0697. 

The average correlation coefficient for the seven day test of 
Holstein-Friesian cattle and the 365 day test of which the seven 
day test is a part is -f- 0.570. The average correlation coefficient 
for the seven day test and 365 day test of which the seven day 
test is not a part is -I- 0.550. In other words a seven day test 
is a much better measure of a cow’s ability at the pail than is 



a 8 



Fio. 1. Comparativis Val.uids of THU Correlation Coefficients 

Between (a) conformation and year milk production, (b) seven day test and 
year milk production where the seven day milk production is a component of 
the year milk production; and (c) seven day test and year milk production 
in which the seven day milk yield is in another lactation than the year lac- 
tation. The lines designating these relations are (a) , (b) , 

(c) . 
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the total score or any part of the cow’s conformation as judged 
by the average trained dairyman. This general relation between 
the milk sdelds of the various length of periods has been found to 
hold for the other breeds (6). 

Before gathering together the conclusions it may be well to 
present the evidence to show that the regressions on which these 
correlation coefficients are based are all linear. The linearity of 
this regression is determined by the relation of the correlation 
coefficient and the correlation ratio. This relation is given in 
table 4. 

Table 4 shows the correlation ratio for the conformation of 
each part of the body when correlated with milk yield- to be ap- 
proximately equal to the correlation coefficient for the same 
variables. The difference between the correlation ratio squared 
and the correlation coefficient squared is slight. The highest of 
these differences is only 0.0224 =b 0.0049. This difference deals 
with the regressions of the conformation of the rear udder on 
milk yield. When the differences of the correlation ratio squared 
minus the correlation coefficient squared are compared with 
their probable errors as is done in the last column of this table 
it is found that out of the nineteen differences only nine are more 
than three times their probable errors. Besides this the highest 
difference is only 4.67 times its probable error. It is doubtful 
indeed if nineteen correlation tables could be selected at random 
from material known to be Unear in its regression and have the 
result conform more nearly than the tables of this paper. 

The results of this analysis on which the concliisions are based 
are consequently free from any bias due to the type of regression 
lines not being linear. 

StTMMABT 

This paper presents a biometrical analysis of the relation of 
conformation to the milk producing capacity of the Jersey cow. 
Exceptional data have been made available to this Station for 
the solution of this problem by the courtesy of Mr. R. M. Gow. 
These data give the exact scores of 1674 registry of merit Jersey 
cows as determined by about 140 judges. 
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The mean conformation as measured by score is given for the 
cow as a whole and for the parts into which it is divided. Within 
this group of Jersey cows the average score was 89.848 ± 0.073. 
The average Jersey cow was therefore about 10 points below the 
ideal Jersey cow. When this measure of the conformation as a 
whole is analyzed in terms of its parts, it was found that the fore 
udder differed most from the ideal type. 

When considered in abstract terms it was foimd that the most 
seriously defective parts of the body in the minds of the judges 
had to deal with the mammary system, its size and blood supply. 
Of those parts which dealt with the body proper the least ideal 
was the barrel. 

The variation of the different body parts is compared by means 
of the standard deviation and the coefficient of variation. The 
most variable part of the body included the eyes, horns, and 
muzzle, the least variable the size of the body. 

The variability is further compared with characters of similar 
nature to those of conformation save that the variability was 
determined on data measured or weighed accurately in English 
or metric units. Bone material was in general found to vary less 
than the scores assigned to parts of the body depending chiefly 
on variations in bone length. The amount of this difference was 
slight, however. The variation of the udder parts was found to 
be at the lower end of the range of variation of other soft parts 
of the body. 

Correlation coefficients for milk yield with the conformation 
as a whole and for the various parts were determined. The cor- 
relation coefficients ranged from — 0.0697 ± 0.0165 to 0.1941 ± 
0.0160. Out of the nineteen correlations only one was minus in 
value; seventeen were more than three times their probable error. 
The total score had the highest correlation with milk yield. The 
parts of the conformation having a distinctly significant relation 
to milk production of the cow were the milk veins, size and con- 
dition of udder, the size and shape of rear udder, the shape and 
size of barrel and the general appearance of the cow. 

The relative merits of conformation as a guide to the milk 
producing capacity of a cow and a short time milk record are 
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considered. The results show that a seven day test has a cor- 
relation coefficient with the year milk yield of the cow of approx- 
imately 2§ times that of the conformation or any part of the 
conformation. The short test consequently is superior to the 
conformation as a guide to milk production. 

Constants for the regression of each correlation table are cal- 
culated and the regression shown to be linear. 

The raw data are given in appendix tables 5 to 23. 

TABLE i 

Correlation surface for variables milk yield ($65 days) and the conformation of the 

cow taken as a whole 
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TABMJ 6 


Correlation surface for variables milk yield {S66 days) and the conformation of head, 
medium sizcj lean; face dished; broad between eyes and narrow between horns 



TABLE 7 

Correlation surface for variables milk yield {S65 days) and the conformation of head, 
eyes full and placid; horns small to medium, incurving; muzzle 
broad, with muscular lips; strong under jaw 
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TABLE 10 

Correlation surface for variables milk yield (565 days) and the conformation of hodyy 
wedge shapes with deepj large pauchy legs proportionate 
to size and of fine quality 
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TABLE 11 


Correlation surf ace for variables milk yield (S6o days) and the conformation of body^ 
back straight to hip-bones 
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TABLE 12 


Correlation surface for variables milk yield {366 days) and the conformation of hodyr 
rump long to iaiUsetting and level from hip-hones to rump-hones 


















TABLE 14 


Correlation surface for variables milk yield (S66 days) and the conformation of body, 

thighs flat and well cut out 
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TABLE 16 


Correlation surface for variables milk yield {S66 days) and the conformation of tail^ 
thin, longt with good svntchf not coarse at setting-on 
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TABLE 17 

Correlation surface for variables milk yield {S66 days) and the conformation of udder, 
b road, level or spherical, not deeply cut between teats 
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TABLE 18 

Correlation surface for variables milk yield {366 days) and the conformation of udder, 
fore udder full and well rounded, running well forward of front teats 
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TABLE 19 


Correlation surface for variables milk yield {366 days) and the conformation of udder, 
rear udder well rounded, and well out and up behind 
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TABIiE 20 


Correlation surface for variables milk yield (365 days) and the conformation of teats, 
of good and uniform length and size, regularly and squarely placed 
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TABLE 21 

Correlation surface for variables milk yield (365 days) and the conformation of milk 
veins, large, tortuous and elastic 
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EXPERIMENTS WITH AND PRACTICAL APPLICATION 
OF HEAT STERILIZATION FOR ALL PARTS 
OF MILKING MACHINES 


GEORGE H. HART and WILLIAM H. STABLER 
Department of Veterinary Science, University of California, Berkeley, California 

INTRODUCTION 

The last twenty-five years have seen marked improvements in 
the construction of milking machines. Today a number of 
makes have been sufficiently perfected and are milking cows so 
successfully that they may be considered a practical success 
from the mechanical standpoint. 

Labor difficulties due to the war gave a great impetus to the 
installation of milking machines. Today the capital invested in 
the manufacturing plants as well as in machines distributed on 
dairy farms is so large that investigation into the difficulties 
encoimtered in their operation is greatly needed. 

A review of the literature of this coimtry and abroad on such 
investigations shows it to be quite extensive. A great many 
experiments have been initiated to ascertain the mechanical 
difficulties and the relative production that can be secured 
with their use as compared with hand milking. With these 
factors we were not concerned but have devoted our attention to 
ascertaining the best method of eliminating excessive numbers 
of bacteria in machine drawn milk. 

The sanitary side of milking machine operation was investi- 
gated early in their development, at which time not nearly so 
much was known about the origin of the bacterial flora in milk 
as at present. Consequently it must be recognized that some 
of the early bacteriological work on this subject is no longer of 
any value in the light of our present day knowledge. 
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PUBLISHED INVESTIGATIONS ON BACTERIA IN MACHINE DRAWN 
MILK AND THE USB OF VARIOUS STERILIZING AGENTS 

Among the most important works on this subject the follow- 
ing will be mentioned. F. C. Harrison (1) of the Guelph Ex- 
periment Station in Canada reported, in 1897, a rather extensive 
series of bacteriological experiments on milk drawn by hand 
and by the Thistle machine. He concluded that machine drawn 
milk contained more bacteria than hand drawn milk under the 
same conditions. This he attributed to contamination of teat 
cups with hairs and dirt from the cow, inability of the rubber 
parts of the machine to stand sterilization by steaming or scald- 
ing, and letting the cups fall to the floor in changing from cow 
to cow. 

In 1902, Bordas and Raczkowski (2), in France, demonstrated 
a higher bacterial content in machine drawn milk even when 
special antiseptic precautions were taken. Their experiments, 
however, include only seven bacterial counts in all and therefore 
are not conclusive. 

In 1907, W. A. Stocking (3), reported experiments with 
various methods of cleaning milking machines. Satisfactory 
results were obtained by means of heat but even boiling in 
water for three quarters of an hour did not keep the rubber 
parts sterile. The bacterial coimt of the milk produced after 
this treatment was well below 10,000 per cubic centimeter. 
Placing the rubber parts, after washing, in brine for several 
hours reduced the bacterial count of machine drawn milk to 
about half of that drawn by hand. In this case he scalded the 
rubber parts just before use after taking them out of the brine 
solution or just before putting them into the solution. Heat, 
therefore, was probably the main factor in getting the machines 
sufficiently clean to produce all of his low coimt samples. 

At the Kansas Station, in 1906, Erf (4) in a general treatise 
on the construction and evolution of the milking machine reports 
several tests with autistic solutions for sterilizing parts. For- 
maldehyde, boric acid and lime were tried with the result that 
while formaldehyde was the most efficient it was not practical 
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and lime was concluded to be the most satisfactory. After 
soaking in these solutions the rubber parts were thorougjily 
rinsed in boiling water before use. 

In 1907, Stocking and Mason (5) reported work on this prob- 
lem in which steam, Gold Dxist solution 1-300, lime water, 
borax 1 potmd in 15 quarts of water, 2.5 to 3.5 per cent formalin 
and 10 per cent brine were used. They were only able to keep 
the tubes in a satisfactorily sterile condition with steam and 
formaldehyde. The steam was applied without pressure for 
one hour and quickly injured the rubber tubing so it could not 
be used. 

Hastings and Hoffman (6), at the Wisconsin Agricultural 
Experiment Station, in 1906, showed that with lime solution as 
a disinfectant for rubber parts 150 samples of machine drawn 
milk gave an average lower count than 137 hand drawn samples. 
This was done on the station herd where better care was prob- 
ably taken of the machines than would have occiured under 
ordinary farm conditions. The lime solution was of a strength 
equal to a twentieth normal solution of alkali. Care was used 
to obtain perfectly fresh unslacked lime and to maintain an 
excess in the vessel. 

Elizabeth Meek (7) reported a series of counts with hand 
drawn and machine drawn milk. At first the machines were 
merely being rinsed out successively with cold, tepid and hot 
water when the milk drawn by them was high in bacterial con- 
tent. Later the machines were steamed and the hose and cujjs 
stored in brine solution after being thoroughly washed with a 
tube brush. After this treatment the bacterial content of the 
milk produced by them was reduced to approximately that 
found in the hand milked product. 

Brainard (8) in a general bulletin on clean and sanitary milk 
reports bacterial counts of machine drawn milk. For several 
days after the noachine was installed at the Virginia Experiment 
Station the count ranged from 32,000 to 35,000. It was then not 
used for three days and when again placed in operation the 
count increased to 1,250,000. He then prepared a lime water 
bath for the rubber parts and in three days the count was down 
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and thereafter ranged between 34,000 and 100,000, which com- 
pared favorably with the hand drawn miUc. 

Harding, Wilson and Smith (9), in 1909, concluded that the 
most important item in obtaining quality of product was the 
immersing of the rubber parts in 10 per cent brine or similar 
solution between milkings. This, they state, is “many times 
more efBcacious than the most careful steaming.” This conclu- 
sion has not been borne out under actual field conditions in this 
state. 

Wing (10), in 1913, showed that many colonies would de- 
velop on plates made from 15 per cent brine in which rubber 
tubing from ipfikin g machines had been kept. A number of 
substances were then added to the brine including hydrogen 
peroxide, alcohol, permanganate of potash, formaldehyde, vine- 
gar, acetic acid, copper sulphate and, finally, chloride of lime. 
She concluded that brine would not keep parts sterile but that 
when chloride of lime was added this result was practically 
obtained. It was necessary, however, to frequently add fresh 
chloride of lime. With sterile machine parts she was able to 
produce low count milk. 

A recent and extensive experimental work on milking machines 
as a source of bacteria in milk has been published by Heuhle, 
Breed and Smith (11). They have carried on elaborate experi- 
ments in maintaining milking machines in a bacteria free con- 
dition by using antiseptic solutions, some of which are 10-13' 
per cent brine solution, chloride of lime, the two together, lime 
water, cold running water and a proprietary germicide, “Mon- 
tanin.” Satisfactory results are claimed for all of these but the 
conclusion is made that chloride of lime in satmated brine is 
the most practical and efficient. The work is noticeably lack- 
ing in experiments on the value of heat sterilization for rubber 
parts which is surprising in the li^t of the finding of Haecker 
and Little (12), in 1908; Stocking (3), in 1907; Edwards (13), 
in 1907, and the wide^read unsatisfactory results from the 
bacteriological standpoint with all the chemical preparations 
when used under ordinary dairy ranch conditions. 
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LIMITATIONS OF CHEMICAL SOLUTIONS AS STERILIZING AGENTS 

An efficient antiseptic bath for milking machine rubber parts 
must meet certain fimdamental requirements. First, it must 
keep the rubber parts bacteriologically clean; second, it must nob 
deteriorate the rubber rapidly; third, leave no deposit in the 
teat cups and tubes; fourth, leave no objectionable taste, odor 
or preservative in the milk; fifth, be fairly stable. 

All of the preparations except the hypochlorites have proved 
unsatisfactory and have been discarded for the latter in this 
section of the country. Hypochlorites in the form of chloride of 
lime, Javelle’s or Labaraque’s solution (U. S. P.) and the well 
known proprietary preparations such as B. K., Chlorax, etc., 
are now recommended by the milking machine companies and 
generally used in California. 

The two factors which constitute the vast majority of causes 
for discarding milking machines at the present time are: First, 
the increase in udder troubles, and second, the high bacterial 
count in machine drawn milk. The latter is of great importance 
where dairies are selling their product for market milk supply 
imder a bacterial count grading system or where a premium is 
paid for sweet cream delivered to butter making plants. 

Milking machine companies are themselves to blame for many 
machines being discarded because of the common practice of 
their selling agents to state that the machines need not regu- 
larly be taken apart for cleaning and that dipping in chlorine 
solution is all that is necessary. 

Agents selling the proprietary chlorine preparations have 
been even more extravagant in their clauns of the value of their 
solutions for sterilizing milking machine parts. 

Ordinary chloride of lime (calcium hypochlorite-bleaching 
powder) contains about 25 to 35 per cent available chlorine 
which is the highest free chlorine content of any of these prepa- 
rations. Javelle’s or Labaraque’s solution. United States Phar- 
macopeia, and the well known proprietary chlorine prepara- 
tions contain from about 2.5 to 5 per cent avaUable chlorine. 
They are clear solutions, however, and therefore much more 
easily mixed up ready for use than chloride of lime. 
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The power of chlorine solutions to act as a disinfectant de- 
pends first, on the available chlorine content and, second, on the 
chemical and physical properties of the material to be disinfected. 
Granting that the chlorine content is present, many observations 
in the dairy industry, under various conditions, have definitely 
shown that these solutions are not so efiicient in the presence cf a 
considerable accumulation of milk residue as when this has been 
properly removed by thorough washing. 

For example, it has been demonstrated that chlorine solution 
run into the last rinse water tank in a milk bottle washing mar 
chine, in a high dilution, was remarkably efficient in reducing 
the bacterial content of the water and the finished bottles. The 
same or greater strength solution showed little efficiency when 
nm over milk cooling apparatus, pipe lines and containers which 
were noticeably greasy when the hand was passed over them. 
This is probably due to its lack of penetrating power. The 
presence of organic matter such as milk residue rapidly de- 
teriorates chlorine solution by using up the chlorine in oxidation. 
After all the chlorine is utilized, the disinfectant properties of 
such a solution are nil and bacteria may even multiply in it in 
great numbers. 

To show the reduction in chlorine by oxidation in the pres- 
ence of milk or rubber the following tests were made with the 
assistance of C. H. McCharles, Chemist of the State Food and 
Drug Laboratory. Three IJ gallon glass jars were each parti- 
ally filled with one gallon of water to which chlorine solution 
was added in the proportion of 3 ounces to 5 gallons. This is 
about the proportion usually recommended for milking machine 
parts. The chlorine solution before dilution showed 2.35 per 
cent available chlorine, and when added to the water in the above 
proportion, the fluid in the jars contained about one part of avail- 
able chlorine to each 10,000 parts of water. 

Jar 1 was not disturbed; jar 2 had 2 cc. of milk added daily; 
jar 3 had some rubber tubing placed in it. 

Titrations for chlorine content were made each day, the results 
of which are shown in table 1. 
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Bacterial counts of the solution in jar 2 showed no growth 
on June 12 and 13. On June 19, ten days after mixing up the 
solution, it showed a bacterial content of 210,000 per cubic 
centimeter. Two cubic centimeters of milk had been added 
each day from June 9 to 17 inclusive. 

A second test was conducted using only two jars. The solu- 
tion was mixed in the same proportions. Jar 1 was left undis- 


TABLE 1 



JAB 1 

JAB 2 

JAB 3 

June 0, 1919 | 

June 10, 1919 1 

June 11, 1919 | 

June 12, 1919 | 

June 13, 1919 | 

June 14, 1919 | 

June 16, 1919 | 

2.80 cc. 

0.0099 gm. 

2.80 cc. 
0.0099 gm. 

2.80 cc. 

0.0099 gm. 

2.70 cc. 

0.0096 gm. 

2.70 cc. 

0.0096 gm. 

2.70 cc. 

0.0096 gm. 

2.60 cc. 

0.0092 gm. 

0.90 cc. 
0.0032 gm. 

0.46 cc. 

0.0016 gm. 

0.30 cc. 

0.0011 gm. 

0.20 cc. 

0.0007 gm. 

0.20 cc. 

0.0007 gm. 

0.15 cc. 

0.0005 gm. 

0.10 cc. 

0.0003 gm. 

3.00 cc. 

0.0106 gm. 

1.30 cc. 

0.0046 gm. 

0.90 cc. 

0.0032 gm. 

0.65 cc. 

0.0023 gm. 

0.30 CO. 

0.0010 gm. 

0.15 cc. 

0.0005 gm. 

0.05 cc. 

0.0001 gm. 


cc. n cubic centimeters N/IQ sodium hyposulphite equivalent to 100 oc. 
sample. 

gm. grams of available][[chlorine per 100 cc. of sample. The fourth deci- 
mal of the gram measurement represents parts of chlorine per million of solution. 

turbed as a check and in jar 2 the rubber tubing was placed 
and also 2 cc. of milk daily. The results of this test are given 
in table 2. 

A bacterial count of the solution in jar 2, made June 27, 1919, 
showed 600 bacteria per cubic centimeter. 

These tests show that both milk and rubber reduce the chlorine 
content of solutions containing it. The more milk residue that 
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adheres to the tubing, the quicker the chlorine becomes utilized. 
Many crocks used for the solution on dairy ranches are of such 
a size that the tubing cannot lay out straight in them. It is 
the usual practice for the parts to be forced down under the solu- 
tion so that there are bends in the tubing, in which case, air in- 
stead of solution may remain in contact with the lumen of the 
tubes. After use for some time the rubber tubing shows check- 
ing or slight cracks on its surfaces which can be enlarged and 
readily seen by distending the tubing. These crevices, although 


June 19, 1919. 
June 20, 1919. 
June 21, 1919. 
June 23, 1919. 
June 24, 1919. 
June 25, 1919. 


TABI^E 2 



JAB 1 

JAB 2 

/ 

3.45 cc. 

3.10 cc. 


0.0122 gm. 

O.Oll gm. 

/ 

3.40 cc. 

1.55 cc. 

•\ 

0.0121 gm. 

0.0055 gm. 

; 

3.40 cc. 

0.60 cc. 


0.0121 gm. 

0.0021 gm. 

; 

3.40 cc. 

0.20 cc. 


0.0121 gm. 

0.0007 gm. 

/ 

3.40 cc. 

0.15 cc. 

•\ 

0.0121 gm. 

0.0005 gm. 

/ 

3.30 cc. 

0.075 cc. 


0.018 gm. 

0.0002 gm. 


liardly visible, become filled with milk during the millciTig and 
furnish innumerable points for bacterial multiplication out of 
reach of the chlorine solution which, as stated above, seems to 
have little or no power of penetration through a layer of millf 
jesidue. 

As examples of the failure of this means of sterilizing rubber 
parts the following might be mentioned: 

In 1913, a dairy using milking naachines attempted to get 
dairy certification under the San Francisco Medical Milk Com- 
mission and failed to meet the bacterial requirements on account 
of depending on chemical sterilization of parts. 






HEAT STEBIUZATION 


41 


On October 1, 1916, the California state milk grading law went 
into effect. This law allows a maximum of 200,000 bacteria per 
eubic centimeter for grade “A” miUc to be pasteurized and 
1,000,000 bacteria per cubic centimeter for grade “B” milk to 
be pasteurized. This law was at once enforced in Los Angeles 
and dairies operating milking machines could not meet the bac- 
terial requirements by using chemical solutions. The machines 
had to be discarded, the milk degraded to butter fat or the parts, 
including rubber tubing and inflations, sterilized by heat. 

EXPEBIMENTS TO SHOW THE PRACTICABILITY AND EFFICIENCY OF 
HEAT STERILIZATION 

The early work of Stocking (3) with heat sterilization by placing 
the tubing on a steam jet, scalding just prior to use and boiling 
for three-quarters of an hour was foimd to be most efficient but 
not recommended on account of the destruction of the parts. 

Edwards (13), in 1907, found boiling and proper cleaning eflfi- 
-cient in keeping bacteria down. Haecker and Little (11) found 
lime water inefficient unless accompanied by boiling and pains- 
taking cleanliness of parts. They stated that rubber tubing at 
the station dairy, subjected to daily boiling, remained in good 
condition for more than a year. 

In spite of these definite conclusions that heat was essential, 
it has not been put into general practical use on account of the 
belief that the rubber would be injured. With the quality of 
rubber now in use it is possible to boil it daily for a considerable 
time without destroying its usefulness. 

To test this, a piece of rubber tubing as supplied by one of the 
milking machine companies was boiled for twenty to thirty min- 
utes each week day from December 13, 1917, to May 28, 1918, 
without injuring it to such a degree that it would not be usable. 
The inflations, however, are more susceptible to the destructive 
influences of heat than the tubing. 

Realizing the great efficiency of pasteurization at 145°F. in 
-destroying 95 to 99 per cent of the bacteria ordinarily present in 
milk, it was thought that some temperature between 146° F. and 
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212°F. could be found at which a pastemization of milking ma- 
chine rubber goods would render them practically sterile and yet 
prolong the usefulness of the rubber for a longer period than 
when subjected to boiling. 

Experiments with heat sterilization were begun on dairy “A." 
This is a large dairy milking about 200 cows and supplying a 
“guaranteed” milk to the San Francisco Bay cities. The bac- 
terial limit of this grade of milk is 25,000 per cubic centimeter. 
The Sharpies milking machines were in use. The original plan 
of sterilization of the parts on this dairy was to put the tubes and 
teat cups in a low pressure steam sterilizer, but depreciation of 
the rubber was rapid. A galvanized iron tank, 4 feet long, 1 
foot wide and 1^ feet deep, without any lid, was then installed 
and the parts placed in water in the tank and the temperature 
raised by steam to between 100® and 180®F. for fifteen to twenty 
minutes. A series of bacterial counts were made on the parts 
so sterilized and on the milk drawn by the machines. 

In this work the tests of the sterility of the parts were con- 
ducted by running sterile water through the apparatus to be 
tested. The amount of water used in each test was 100 cc. 
Plates were made according to the standard methods of the 
American Public Health Association from the rinsings. 

In the first series of counts on the sterility of the apparatus the 
plates made from the teat cups and connected rubber tubing 
showed colonies too numerous to accurately count in the undil- 
uted rinse water. The pads were also unsterile but the rinse 
water from them did not contain as many bacteria as that from 
the rubber ware. One milk pail and' one stripping pail showed 
197 and 653 bacteria per cubic centimeter of rinse water, re- 
spectively, which were the lowest counts obtained. A second 
series of similar tests were made November 12, 1917, except that 
the rinse water was diluted 1-100 before plating. Twelve sam- 
ples of water run through the teat cups and coimected rubber tub- 
ing showed bacterial counts ranging from 205 to 24,200 per cubic 
centimeter. At the conclusion of this test a lid was ordered for 
the sterilizer tank and a definite temperature of 180®F. for fifteen 
to thirty minutes was maintained and followed as a routine pro- 
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oeduTe. On December 13, 1917, a third series of counts were 
made. Five sterile rinse water samples were run throu^ the 
connected apparatus. The coimts on these rinse water samples, 
using 1 cc. undiluted in making the plates, ranged from 6 to 60 
bacteria per cubic centimeter. 

The bacterial coimts of the milk drawn through this apparatus 
on the different dates are given in table 3. 

One sample of bottled milk was taken on November 5 which 
showed 11,500 bacteria per cubic centimeter. 


TABLE 3 


SAMOnLlI FROIf 

COTTUT 

1st UKIT 

COUNT 

2d unit 

COUNT 

3d unit 

STRIPPINGS 

DATS 

l8t pail milk 


5,700 

10,300 

26,2001st string 

November 5, 1917 

2d pail milk 


12,000 

9,500 

23,100 1st string 

November 5, 1917 

3d pail milk 

5,400 

8,800 

12,800 

7,600 2d string 

November 5, 1917 

4th pail milk 


7,400 

5,700 

70,900 3d string 

November 5, 1917 

5th pail milk 


9,000 


26,000 3rd string 

November 5, 1917 

let pail milk 


2,450 

7,700 

9,000 1st string 

November 12, 1917 

2nd pail milk 

2,450 

1,800 

1,750 

17,500 3rd string 

November 12, 1917 

8d pail milk 


4,250 

500 

16,000 2d string 

November 12, 1917 

let pail milk 


7,500 

900 

No strippings 

December 13, 1917 

2d pail milk 

3d pail milk 


4,750 

1,850 

taken 

December 13, 1917 
December 13, 1917 


The milk counts on November 5 and 12 show that the sterili- 
zation, even though very incomplete, was sufficient to produce a 
milk well imder 25,000 bacteria per cubic centimeter, the limit 
for the grade. 

An examination of table 3 will show little change in the bac- 
terial count of the milk on December 13, even though the tubes 
and teat cups at this time were practically sterile. This iis ac- 
counted for by the dilution of the bacteria on the previous occa- 
sions with the large volume of milk and the fact that the actual 
number of bacteria in the rubber tubes and teat cups, even though 
not coimtable when 1 cc. of undiluted rinse water was plated as in 
the first series of tests, was relatively small. 
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In the spring of 1918 scarcity of labor made it necessary for 
dairy “B” to put in millfiTig machines. This is a certified dairy 
milking 225 cows, the product of which is sold in San Francisco 
and the maximum count of this grade is 10,000 per cubic centi- 
meter. The step was taken with considerable apprehension for 
fear the quality of the product would be reduced. 

From the experience gained with dairy “A,” this dairy was ad- 
vised to and did install a galvanized iron tank similar to that de- 
scribed on dairy “A” for sterilizing the rubber parts of the 
machines. 

On this dairy both the Empire and Perfection milking machines 
were in operation from the beginning. The method of cleaning 
the machines was as follows. Each imit was attached to the 
suction line and a vacuum established in the pail. The teat 
cups were then alternately raised and lowered into a pail of water 
with the pulsator running. Three to four gallons of water were 
run through the machines in this manner to clean out the milk. 
The rubber parts were then discoimected from the pails and the 
teat cups and short rubber tubes taken off the claw to facilitate 
brushing. At first, the inflations were taken out of the teat cup 
shells but this was soon stopped on accoimt of the difficulty of 
reassembling. All parts were placed in warm water containing 
soda ash cleaning powder and scrubbed both ways with long 
brushes for this purpose. They were then rinsed in clear water 
to remove the soda ash and reassembled ready for use. A plug 
was inserted in the air line at its junction with the claw and the 
whole placed in the sterilizer. Water was run in until they were 
submerged and the pulsator lids were placed on top of the rubber 
tubing in such a way as to hold it down in the water and at the 
same time prevent the pulsator from getting flooded. Those 
machines that have the pulsator slightly elevated or off the lid 
entirely have an advantage in that there is no danger of getting 
water in the delicate mechanism. Occasionally a lid will warp 
in this process of sterilizing, after which it will no longer make a 
tight fit on the pail and a vacuum caimot be secured. 

The cover was placed on the sterilizer and the steam turned on 
till the temperature reached 190°F., where it was maintained 
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for fifteen to thirty minutes. After sterilization was completed, 
the water was allowed to cool and the contents left imdisturbed 
in the tank until the next milking time. 

Further investigation is necessary to definitely determine 
whether it is better to remove the tubes or leave them in the 
water. Some evidence is present to show that keeping them 
moist prolongs their period of usefulness over allowing them to 
dry quickly after sterilizing. From the bacteriological stand- 
point no difficulty has been experienced with undestroyed bac- 
teria multiplying after an optimum temperature is reached. 

In May and Jime, 1918, a series of bacterial coimts were made 
at dairy “B” as shown in table 4. On this dairy each machine 
unit milks 45 cows. 

The tinware on this ranch is regularly sterilized in an auto- 
clave under pressure. In all, 113 samples of machine milked 
milk were collected and counted. Two samples were over 10,000; 
the highest being 18,000. 

During the year from June 1, 1918, to Jime 1, 1919, the highest 
count that was obtained in official samples for dairy “B” was 
15,500 and an average of all samples taken was 6000. The rub- 
ber parts on this dairy have remained in use from two to four 
months — the tubes being longer lived than the inflations. 

The following experimental work was conducted on dairy “C.” 
This dairy was of the t3npe of the ordinary market milk dairy, 
operated by a Portuguese dairyman and the milk shipped to be 
pasteurized in San Francisco. Perfection type of milking ma- 
chines were in use. The general practice of cleaning the machines 
was to rinse out the milk with cold water by letting the machines 
run with the teat cups immersed in a pail of water. The long 
tubes and teat cups were brushed in warm water containing a 
cleaning powder but the teat cups were not disconnected from 
the claw. The air line was plugged and the whole coiled m a 
large earthenware jar containing B. K. solution between milk- 
ings. No careful sterilization of the tinware was done, although 
a boiler and steam jet were present for the purpose. 

A bacterial coimt was made daily with few exceptions from 
November 1, 1918, to January 20, 1919. The sample was al- 
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TABLE 4 



BAUPIaID Ol* 

let unit 

2d unit 3d unit 

4th unit 

5th unit 

Hand strip 

May 21 y 1918 

Rinsings of teat cups 

1st pail milk 

2d pail milk 

3d pail milk 

M 



0 

1,160 

2,260 

5,100 


5,700 

1.650 

7.650 

May US, 1918 



Rinsings of teat cups 

3 

2 

4 

2 

5 



Ist pail milk 

2,300 

2,300 

9,550 

2,450 

450 



2d pail milk 

12,750 

700 

3,400 

1,250 

350 


7,650 

3d pail milk 

4th pail milk 

2,750 

1,500 

3,400 

1,900 

3,550 

2,300 

2,400 


1 


May SS, 1918 


Rinsings of teat cups 

1st pail milk 

2d pail milk 

3d pail milk 

4th pail milk 

5th pail milk 

6th pail milk 

7th pail milk 

8 

1,800 

300 

1,250 

2,760 

3,550 

1,950 

6,400 

0 

1,300 

900 

500 

1,100 

600 

1 


12 

500 

350 

300 

650 

3,800 

350 



May Sit 

1919 




Risings of teat cups 

15 

4 

6 

4 

22 


1st pail milk 

1,250 

3,200 

2,100 

1,050 

1,560 


2d pail milk 

4,950 



760 

400 


3d pail milk 

1,000 


2,500 

1,850 



4th pail milk 

3,000 






6th pail milk 

2,800 








June 5, 

1919 




Rinsings of teat cups 

14 

4 

1 

7 

25 


1st pail milk 

900 

1,600 

1,000 

427 

2,150 


2d pail milk 

6,360 

4,925 

2,876 

500 

1,000 


3d pail milk 

350 

4,350 

1,700 

650 

850 


4th pail milk 

900 

900 

4,076 

250 



6th pail milk 

3,826 

750 

2,100 

700 



6th pail milk 

700 

400 

1,526 

1,300 
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ways taken from the pasteurizer vat before heating, after the 
night’s milk eighteen hours old and the morning’s milk seven 
hours old had been mixed in it. The counts are given in table 5 

TABLE 6 


Bacterial counts of machine milked milk on an ordinary dairy 



NOVBMBCK 

DSCBMBBK 

JANUABT 1 

TO JANUARY 20, 1910 



99,300,000 

3,000,000 

1,960,000 



25,300,000 

3,360,000 

2,630,000 



38,300,000 

2,830,000 

526,000 



7,460,000 

1,146,000 

2,930,000 



9,700,000 

6,640,000 

1,300,000 



4,500,000 

3,130,000 

2,700,000 



2,830,000 

12,960,000 

3,730,000 



1,123,000 

6,130,000 

8,130,000 



940,000 

4,300,000 

5,000,000 



400,000 

5,560,000 

850,000 



2,700,000 

236,000 

1,543,000 



3,160,000 

760,000 




1,930,000 

2,000,000 




8,700,000 

2,000,000 


Bacteria per cubic- 


39,300,000 

1,060,000 


centimeter of milk 


14,600,000 

213,000 




3,800,000 

230,000 




5,600,000 

930,000 




9,000,000 

1,126,000 




41,000,000 

1,123,000 




58,000,000 

2,160,000 




20,000,000 

5,360,000 




39,000,000 

810,000 




37,600,000 

1,445,000 




29,000,000 

1,860,000 




13,000,000 

3,760,000 




2,460,000 

7,900,000 




6,230,000 

2,230,000 




6,330,000 

1,600,000 




1,360,000 

1,800,000 



and show excessive numbers of organisms on nearly all the days 
during this period. 

The excessive bacterial count of the milk caused one of us 
(8.) to v4sit the ranch in January, 1919. An inspection of the 
rubber parts of the milking machines showed milk residue where 
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the milk came in contact with them in the process of milkings 
The chlorine solution for the rubber parts did not seem to be 
freshly made up or made according to direction, although the 
dairyman insisted that he had followed directions in making and 
using it. 


TABLE 6 


Bacterial, counts of machine milked milk after instructions in cleaning and steaming 

tinware had been given 




MOlCrH BBQXNNXNG 



January 21 

February 1 

March 3 


250,000 

1,416,000 

8,160,000 


1,180,000 

1,580,000 

7,630,000 

Bacteria per cubic 
centimeter of milk 

1,130,000 

4.260.000 

4.360.000 

4.130.000 

4.800.000 

7.130.000 

14.730.000 

4.000. 000 

4.960.000 

7.660.000 

8.100.000 

6.130.000 

6.200.000 

8.630.000 

19.600.000 

22.600.000 

1.300.000 

1.030.000 

9.000. 000 

6.300.000 

6.600.000 
2,760,000 


The tinware was in a poor state of repair, especially the large 
receiving tank, in the bottom seam of which a small leak had been 
stopped with soap. The insides of the utensils were greasy to 
the touch. 

The tinware was soldered, fresh chlorine solution mixed up for 
the machine parts, and methods improved in a general way. This 
resulted in little improvement in the quality of the milk as can 
be observed by referring to the bacterial counts obtained from 
January 21 to March 10, given in table 6. 
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The dairyman was then requested to put in a sterilizer tank 
similar to the one in use at dairies ‘‘A” and '‘B/’ The rubber 
parts of the machines were to be put in once daily and the tem- 
perature brought to 180°F. for fifteen to thirty minutes. It was 
thought that sterilizing in this way once a day would reduce the 
count so that the milk would meet the bacterial requirements 


TABLE 7 

Bacterial counts of machine drawn milk after rubber parts were sterilized by heat 



MABCH 11 

APBIX< 1 

MAT 1 

JUMB 2 



200,000 

150,000 

180,000 

230,000 



160,000 

200,000 

120,000 

160,000 



106,000 

260,000 

96,000 

140,000 



210,000 

180,000 

52 000 

170,000 



216,000 

200,000 

100,000 

110,000 



150,000 

207,000 

230,000 

190,000] 



250,000 

83,000 

167,000 

210,000 [• 



155,000 

130,000 

190,000 

220,000 J 

Bacteria per 


150,000 . 

300,000 

120,000 

207,000 

cubic centi- 


340,000 

200,000 

110,000 

205,000 

meter of 


220,000 

219,000 

190,000 

187,000 

milk 


320,000 

150,000 

210,000 

211,000 



300,000 

170,000 


173,000 



87,000 

230,000 


198,000 

1 


160,000 

203,000 


216,000 



150,000 

190,000 


240,000 




160,000 


190,000 




79,000 


200,000 

213.000 

184.000 


* June hot spell. 


for grade raw, to be pasteurized, which in this state is 
200,000 per cubic centimeter. The tank was installed and oper- 
ated the first time March 10, 1919, and the immediate effect of 
this method of heat sterilization of milking machine parts can 
be observed by referring to table 7. 

X7DDER TROUBLES 

We have no positive evidence of sterilization of milking ma- 
chine parts reducing udder troubles and what we have to offer 
is in the nature of negative evidence. It is a well known fact 
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that pyogenic cocci and some members of the colon group are 
the organisms largely responsible for mammitis. These organ- 
isms are widespread in nature. Many outbreaks of manunitis 
have developed in dairies where machine milking has been done 
and the fact that udder troubles had become more frequent than 
was the case with hand milking, caused many dairymen to dis- 
card the milking machine after a few months or years of use. 
The development of udder troubles has resulted in investigation 
by the manufacturers of milking machines, their selling agents, 
milk inspectors and others interested. The universal findings 
in such investigations have been an unsanitary condition of the 
teat cups and rubber tubing. While the same conditions un- 
doubtedly do occur on many ranches without seeming to cause 
udder troubles, the fact remains that several hundred cows imder 
our observation have now been milked with machines properly 
sterilized for from one to. several years and no increased udder 
troubles have developed. PracticaUy sterile teat cups may, there- 
fore, be an insurance against this potential danger. 

CONCLUSIONS 

1. Heat sterilization is the only way to successfully sterilize 
milking machine rubber parts under ordinary ranch conditions. 

2. It is a practical procedure from the time involved and the 
wear and tear on parts. 

3. Where it has been regularly done no increased trouble with 
mammitis has ever developed as a result of installing machines. 

4. By this means as low a bacterial count milk can be produced 
with milking machines as by hand milking. 

5. Milk can be produced to meet any reasonable bacterial 
grading system. 

6. No chemical solution has been found to successfully accom- 
plish these results under practical conditions. 

7. Its general application will greatly reduce the discarding of 
milking machines after they have been installed. 
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THE DEVELOPMENT OF ACIDITY IN MILK 

DAN W. STEUART 
University Collegey Cardiff y Wales 

The development of acidity in milk is a biological phenomenon 
which offers many very interesting but obscure problems for 
those to solve who are interested in scientific dairying. 

Milk fresh from the cow has an amphoteric action on litmus 
papers but is distinctly acid to phenolphthalein solution. The 
acidity of milk is usually estimated, using 10 cc. of undiluted 
milk, by titration with sodium hydroxide solution with phenol- 
phthalein as indicator, and the acidity is then calculated as 
lactic acid. By this means Koning has shown that the acidity 
of fresh milk from individual cows varies from 0.10 to 0.21 per 
cent (1). This agrees very well with the work of other investi- 
gators; but on the question of the average acidity of fresh milk 
writers disagree a little; it varies apparently with locality and 
other factors. 

The cause of the natural acidity of milk has been the subject 
of some experiment. It is evidently not due to lactic acid (2). 

Commercial milk in Cardiff has usually an acidity between 
0.16 and 0.20 per cent and it may contain from 20,000 to 1,500,000 
bacteria per cubic centimeter (counted on ordinary agar plates 
after three days at blood heat). 

When milk is retained for some time the acidity increases due 
to the production of acids from the milk sugar by bacteria. This 
increase does not always immediately become apparent. The 
milk may show no increase of acidity for a period of time which 
has been called the "incubation phase. ” This incubation phase 
lasts longer the lower the temperature and seems to be associated 
in some way with a “bactericidal phase” dming which the 
initial bacteria, or some of them, decrease in number. The 
acidity of the milk may actually decrease for’ a time (3). 

Finally, then, the acidity increases and when it reaches about 
0.3 per cent the milk will curdle on boiling. 'When it reaches 

S2 
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somewhere between 0.60 and 0.86 per cent the milk coagulates 
spontaneously. 

By and by the acidity of the milk reaches a maximum, which 
varies according to the temperature at which the milk has been 
held; then the acidity gradually decreases. These changes in 
the acidity of the milk must be correlated with the development 
of bacteria in it and the biology of this matter is extremely 
complicated. First one type of bacteria reaches its maximum 
numbers and then another and we have thus a sort of rotation 
of germ crops in the milk. 

The change in the acidity of Cardiff milks retained at three 
different temperatures are shown in the accompanying graphs. 

The milks were placed in sterilized Erlenmeyer flasks plugged 
with sterile cotton wool and from week to week portions were 
withdrawn and titrated in the usual way. After the milk 
curdled instead of measuring it with a pipette, a 10 cc. glass 
cylinder was used which was then washed out with a small 
quantity of water into the titration flask. 

In cold storage it will be seen that the acidity increases some- 
what slowly and that the maximum attained is just about 1 
per cent. At blood heat the acidity increases very much quicker 
and may attain as much as 3 per cent in one week. The lowest 
acidity reached in one week at this temperature was 1.6 per 
cent. At room temperature the acidity increases at an inter- 
mediate pace but the "maximum attained varies very greatly, 
anything from 1 per cent to over 2 per cent. The explanation 
of these results lies in the type of germ which is encouraged. 

The principal acid producing bacteria in milk may be con- 
veniently divided into four groups (Lohnis) as follows: 

1. The lactic streptococci group. These are short rods, or oval 
cocci in pairs or in chains. They produce up to 1 per cent of 
acidity in milk. Their optimum temperature varies enormously 
but is usually about 82°F. Some grow better at room temper- 
atu|e than at blood heat while the contrary may be the case. 
They grow slowly in cold storage. They constitute the ordinary 
starters used in this country for ripening cream to make butter, 
or ripening milk to make cheese. They generally constitute 
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about 99 per cent of the total bacteria in milk which has just 
curdled at room temperature, in well ripened cream, or in green 
cheese a few days old. They curdle milk producing a homo- 
geneous curd with a pleasant acid taste. They produce tiny little 
colonies on solid cultiire media such as litmus lactose agar, 
acidification is greater in the depths of the milk culture showing 
that they are somewhat anaerobic. A good strong culture of these 
germs seeded into pasteurized milk should produce an acidity of 
1 per cent in twelve hours at 72°F. (with a 1 per cent inoculation). 

S, The wJUatinallMtichactena. These originate from excrement 
and B. coli belongs to this group. They curdle milk giving a 
curd with an unpleasant sour smell, and the curd is pitted with 
gas holes. They are a cause of gassy curd or blown cheese. 
They spoil both cheese and butter. They are commonly over- 
numerous in milk which has been ripened without the aid of a 
good starter. A culture of B. coli here gave a maximum acidity 
of 0.76 per cent at room temperature or at blood heat. It grew 
slowly in cold storage. They are short rods and B. coli is motile; 
the other members of the group are usually non-motile. They 
are always objectionable but tend to be outgrown by members 
of groups 1 and 3 which can produce a higher acidity if the 
conditions are suitable. They produce well marked colonies on 
ordinary solid media. They are somewhat aerobic and grow 
best about blood heat. 

S. The lactobacUK. These are tisually long thin rods. They 
are used as starters in making the Emmenthal-GruySre type of 
cheese, and also Grana (Parmesan) cheese. To this group 
belongs the well known Bacillus bulgaricus. Their properties 
vary. B. bulptricus from "lactigen ” produces very high acidities 
at blood heat (3 to 3.5,per cent). They do not grow on ordinary 
solid media. Th^ optimum temperature is usually well above 
blood heat. A 1 per cent inoculation of “lactigen” into pasteur- 
ized milk will produce about 1.2 per cent of acidity in twelve 
hours at 98“F. 

4- The lactic micrococci. This is a somewhat indefinite group 
of acid producing bacteria which are principally foimd in milk 
that has been held in cold storage. They have been found 
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inside the udders of cows so do not necessarily get into milk 
from dust or dirt. They have been found in butter and cheese 
and their optimum temperature is said to be low. 

All these four groups of lactic bacteria are found in commercial 
milks and we are now able to see why milk kept at blood heat 
develops so much acidity; it is because the lactobacilli develop 
quickly and strongly. They do not develop in cold storage 
and they may or may not develop at room temperature. Their 
minimum temperature is usually supposed to be about 68°F.; 
but it varies with different strains (4). 

Thus three lots of milk, each containing lactobacilli as shown 
by the blood heat incubations, were kept at room temperature 
and were subject to the same temperature variations, yet the 
maximum acidities attained varied greatly as the following data 
show: 


Commercial milks held at room temperature 



A 

B 

c 

Bacteria per cubic centimeter. 

800.000 

250,000 

580,000 

Acidity at start 

Acidity in 2 days 

Acidity in 1 week 

Acidity in 2 weeks 

Acidity in 3 weeks 

Acidity in 4 weeks 

Acidity in 5 weeks 

Acidity in 7 weeks 

per cent 

0 19 

0.86 

1.00 

1.03 

1.12 

1.11 

0.88 

0.70 

per cent 

0.16 

0.86 

1.07 

0.97 

1.30 

1.16 

1.12 

0.65 

per cent 

0.18 

0.86 

1.00 

1.09 

1.52 

1.80 

2.20 


Apparently the lactobacilli did not develop in A, doubtful in 
B, and they certainly did in C. When the acidity of milk 
mcceeds 1.25 per cent it can usually be proven that lactobacilli 
are present (5) . Other maximum acidities obtained at room tem- 
perature have been 1.17 per cent, 1.40 per cent and 2.01 per cent. 

From time to time the aging milks were inoculated at the rate 
of 1 per cent into flasks of sterilized milk and held at 98“F. The 
subcultures from milk kept at 98°F. always attain a high degree 
of acidity: 
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KUMBXB 

OBXOtNAL AT 08* F. 

SUBOUX/rURB AT 08* F. 

Age 

Acidity 

Age 

Acidity 


iayt 

par cent 

day 

per cent 

1 

14 

2.66 

6 

1.94 

2 

14 

3 19 

5 

1.89 

3 

35 

2.90 

7 

1.73 

4 

105 

0.88 

7 

1.98 


In each case the subcultures developed over 1.7 per cent of 
acidity and then the acidity rapidly fell. Microscopic exami- 
nation showed the presence of lactobacilli and yeasts. Ordinary 
agar plates grown at room temperature from one of the sub- 
cultures showed only yeasts. The reduction of the acidity was 
accordingly attributed to the yeasts. The odor of the sub- 
cultures was alcoholic, or aromatic suggesting esters, or some- 
times cheesy. The originals often smelt malty. The most in- 
teresting subculture was that made from the milk retained 
fifteen weeks at 98°F. The acidity had reached 3.2 per cent 
on the sixth week but fell to 0.88 per cent in the fifteenth week. 
Nevertheless the subculture then made showed that the lacto- 
bacilli were still alive in the milk. One of these subcultures 
containing yeasts and lactobacilli gave a badly blown cheese 
•curd smelling strongly of alcohol (6). 

Subcultmes from milks at room temperature also gave in- 
teresting results: 


NUMBER 

I 

ORiaiNAL. AT ROOM TEMPERATURE 

SUBCULTURE AT 08® F. 


Age 

Acidity 

Age 

Acidity 


daya 

per cent 

daya 

per cent 

1 

14 

. 0.99 


Never above 1 

2 

14 



Never above 1 

3 

35 

1.34 

12 

1.41 

4 

. 105 

0.92 

7 

1.65 


Here again the most interesting culture is the fourth where 
the milk held at room temperature had reached an acidity of 
2.01 per cent in six weeks but decreased to 0.92 per cent on the 
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£fteenth week; yet the subculture showed that the lactobacilli 
were still alive and active. 

Subcultures made from milks held in cold storage for seven to 
fifteen weeks never at any time showed over 1.26 per cent of 
acidity when incubated at blood heat for seven days, and two 
of them kept till fourteen days showed then a decreasing acidity. 

These results indicated that lactobacilli are invariably present 
in Cardiff milks, that they may or may not develop at room 
temperature, and that when they do develop the high acidity 
they produce favors the growth of yeasts which subsequently 
reduce the acidity. This agrees with the results obtained by 
Orla Jensen, Rosengren and others on the bacteriology of but- 
ters; high acidities favor the yeasts which subsequently dete- 
riorate the butter. 

,A sample of milk kept at room temperature for five weeks 
showed a maximum of 1.17 per cent of acidity and on the ninth 
week the acidity fell to 0.92 per cent. Whey agar plates then 
made from the milk were rapidly overgrown (two days) at 98°F. by 
oval spore formers; while gelatine plates were liquefied. Similar 
plates are often made from boiled hay. The sample of milk was 
then thoroughly pasteurized to kill yeasts, moulds and non- 
sporing bacteria and held at 98°F. for a week. During that 
time the acidity dropped from 0.92 to 0.60 per cent. The 
reduction of the acidity in this case was not due to yeasts but to 
spore-forming rods which were foimd to be capable of pro- 
ducing a badly blown cheese curd (7) . Subcultures in liquid media 
showed the presence of long rods with an undulating motility. 
They produced 1.1 per cent of acidity in milk at blood heat in 
three weeks. 

Other organisms sometimes taking part in the final reduction 
of the acidities were moulds — Oidium lactis, Penicillimn, etc. In 
one case a milk held four weeks at blood heat went into a solid 
lump with moulds so that no further acidity estimations were 
possible. 

The four groups of lactic bacteria already referred to do not 
form spores and so do not survive pasteurization. When milk 
is pasteurized spore-forming rods survive. When held subse- 
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quently at almost any temperature within reasonable limits 
these milks finally curdle and at that time may or may not 
show an increase of acidity compared with the fresh mfik. The 
curd, however, begins to digest and the acidity of the milk wiE 
then rise. 

Three samples of pasteurized milk were kept for three weeks 
in cold storage yet the acidity did not exceed 0.18 per cent in 
any case and the milks did not curdle on boiling. Two samples 
of one milk were pasteurized thoroughly in boiling water and 
then cooled and kept at blood heat. They curdled in three 
days when one showed an acidity of 0.18 per cent; the acidity 
of the other in sixteen days when the curd was almost com- 
pletely digested was 0.45 per cent. Two samples of the one milk 
were pasteiu-ized, the first at 165*^. for five minutes, and the 
other at 210°F. for fifteen minutes. In fourteen days at bloo^ 
heat the acidity of the first reached 0.83 per cent and of the 
other 1.03 per cent. These cultures smelt like strong cheese. 
Some of these spore formers can evidently produce a fair degree 
of acidity in milk. In raw milks they are held in check by the 
lactic bacteria; but if the lactobacilli do not develop, and since 
the streptococci die out fairly rapidly after reaching their maxi- 
mum munbers, the spore formers may then get an opportunity 
to develop in the old milk as has already been shown. 

These e:jq>eriments, carried out at the King Edward VII 
Hospital, Cardiff, were designed to cast some light on the bac- 
teriology of the keeping properties of butter, and of the ripening 
of cheese; but the subject has proved immensely complicated. 
They may however serve to interest others in a most interesting 
subject which has been rather neglected in this country. 

In the University College Dairy we used ordinary starters of 
lactic streptococci to ripen the milk for making Cheddar cheese. 
On two occasions, when starter was being added to the milk at 
the rate of 2 per cent, experimental cheeses were made in which 
half the starter was replaced by a culture of B. bulgaricus 
(lactigen). The resulting truckle Cheddars when ripe differed 
in no way (neither in flavor nor in texture) from the control 
cheeses made on the same day. 
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A fairly complete summary of the earlier experiments on this 
subject will be found in Lafar’s Handbuch der Technischen 
Mykologie, and Dr. Fascetti has an original article on 'The 
principal and most recent applications of bacteriology to the 
dairying industry” in the International Review of Agriculture, 
of February, 1915. 
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Thomas Comeliuson, dairy manufacturing specialist of the 
Dairy Division, U. S. Department of Agriculture, died on October 
3, 1919, at Belleville, Wisconsin, after a lingering illness of six 
months. Mr. Comeliuson, who has long been active in dairy 
work throughout the United States, leaves a host of friends who 
will mourn this new loss to the dairy industry. 

Up to the time of his illness Mr. Comeliuson was in active 
charge of the inspection of the large quantities of butter produced 
for the United States Navy, and also directed the inspection of 
the renovated butter produced in this country. 

Mr. Comeliuson, who was bom in Denmark, April 18, 1865, 
received his early training in creamery work in that coimtry. 
After serving several years as student and buttermaker in Danish 
creameries he decided that the United States held greater oppor- 
tunities in store for him and accordingly came to this coimtry in 
1890. While connected with creameries in this country he at- 
tended the dairy school at the University of Wisconsin, completing 
several short courses and serving as instmctor in buttermaking. 

The thoroughness of Mr. Corneliuson^s work and his remarkable 
memory for details soon won recognition, and in 1904-5 he was 
made a travelling cream instructor under the auspices of the 
Wisconsin State Dairymen's Association. The following year he 
became State Creamery, Dairy and Food Inspector for the Dairy 
and Food Commission, Madison Wisconsin, and continued in 
this capacity until 1908, when he was appointed to a responsible 
position with the United States Dairy Division. 

Besides being an expert buttermaker, Mr. Comeliuson was one 
of the foremost butter judges of this country and rendered great 
service in this capacity. Conscientious, thorough and always 
striving upward, Mr. Comeliuson has won many staunch friends 
who will deeply regret his death. 

Mr. Comeliuson was buried in Glenwood Cemetery, Washington 
D. C., on October 11, 1919, the services being conducted by the 
Lafayette Lodge of F. A. A. M., and DeMolay Commandery of 
Knights Templar, both of Washington, D. C . — Helmer Rahild, 



ANNUAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION^ 


The annual meeting of the Dairy Science Association was 
opened at eleven o'clock in the Stock Yards Inn. After a few 
brief opening remarks by President Anderson the report on con- 
stitution was made the first order of business. 

The report made by Chairman Eckles follows: 

Proposed Constitution for Dairy Science Association 

Article 1, The name of this organization shall be the American 
Dairy Science Association. 

OBJECT 

Article 2. The object of the Association shall be to advance the 
general welfare of the dairy industry, especially by the improvement 
of dairy instruction, by the stimulation of scientific research in all 
phases of the subject and by the improvement in methods of conducting 
extension work. 

MEMBERSHIP 

Article 3. Membership shall be of two kinds, active and associate. 

Article 4* The following are eligible for election as active members: 

(1) Any person who is formally announced by an Agricultural Col- 
lege, or Experiment Station or by the Dairy Division of the United 
States or Canadian Departments of Agriculture as an instructor, 
extension worker, investigator, or administrative officer connected with 
the dairy industry. 

(2) Any one filling a position of responsibility connected with the 
dairy industry of a professional character requiring technical scientific 
training. 

Article 6. An active member ceasing active duties in connection 
with the dairy industry is transferred to associate membership. Any 
person interested in the dairy industry but not eligible imder the 

1 Credit is due President A. C. Anderson and Secretary N. W. Hepburn for 
the following report of the annual meeting of the American Dairy Science 
Association.— J. H. Frandsbn, Editor. 
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qualifications as prescribed for active membership may be nominated 
for associate membership. Associate members shall be entitled to all 
the privileges of the Society except that of voting. 

Article 6. Nominations for active or associate membership shall be 
submitted to the executive committee in written form and signed by 
at least three active members. Upon receiving the unanimous en- 
dorsement of the executive committee and paying the annual mem- 
bership dues, the candidate shall be duly enrolled as a member of the 
Association. 


OFFICERS 

Article 7. The officers of this Association shall be president and 
vice-president, whose term of office shall be one year; a secretary- 
treasurer and a journal editor, whose term of office shall be two years. 
The term of office shall begin January 1. 

The president, the vice-president, the secretary-treasurer and the 
presiding officers of divisions of the Society shall constitute the execu- 
tive committee. 

DUTIES OF OFFICERS AND MANNER OF ELECTION 

Article 8. The duties of the officers shall be those usually pertain- 
ing to their respective offices. The executive committee shall pass 
upon all nominations for membership, all applications for divisions 
and sections of the Society. It shall have the power to fix the time and 
place of the annual meeting, and, shall be authorized to transact such 
business of the Association as demands attention while the Association 
is not in session. 

Article 9. On or before November 1 the secretary shall mail to each 
member a blank upon which he shall be entitled to express his choice 
for each office to be filled. This blank shall give the names of those 
serving in the offices to be filled for five years preceding. All ballots 
shall be counted by the secretary and later verified by the president. 
In case no candidate has a majority by the first ballot, a second ballot 
shall be sent to the members giving the names of the three leading 
candidates for each office and the number of votes received. The 
candidate receiving the most votes on the second ballot shall be de- 
clared elected. In case of a tie on the second ballot the decision shall 
be made by the executive committee. 
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ORGANIZATION OF DIVISIONS AND SECTIONS 

Article 10. Professional groups based upon geographical considerar 
tions to be known as divisions of the Society and to be organized by 
members of the Association may be authorized by the executive com- 
mittee when such action shall seem expedient. The officers of the 
division shall be a chairman and such other officers as are provided by 
the division. The presiding officers of division shall be ex-officio vice- 
presidents of the Society. 

The divisions shall have the right to make by-laws for its own 
government and which shall not be inconsistent with the constitution 
and by-laws of the Association. 

Membership in divisions of the Society is open only to those regu- 
larly elected members of the Society. 

Any division may raise or collect funds to be expended for its own 
purpose. 

Article 11. Professional groups based upon specialized interests to 
be known as sections of the Society and to be formed by not less than 
ten active members may be authorized by the executive committee 
when considered for the best interests of the Association. 

Such sections may elect their own officers and make any rules for 
their own guidance not inconsistent with the constitution and by-laws 
of the Association. 


AMENDMENTS 

Article 12. This constitution may be amended by a two-thirds vote 
at any regular meeting of the Association; provided the proposed 
tunendmentshave been submitted to the executive committee in writing 
not less than thirty days previous to the meeting at which the vote is 
taken; and provided the proposed amendment is approved by a majority 
of the executive committee. 

Article IS. The executive committee may at its discretion, submit 
proposed amendments which have received the approval of the com- 
mittee to the members of the Association for vote by mail. An af- 
firmative vote of two-thirds of all voting and which shall be not less 
than a majority of the membership shall be necessary for approval. 
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BY-LAWB 

Article 1. The membership dues shall be $3 a year for both active 
and associate members, payable January 1 each year. 

Article 2. The Journal op Dairy Science shall not be sent to any 
member whose dues are not paid by April 11 of the year for which 
membership is held. 

Article 3. Any member in arrears for dues for more than one year 
shall thereby cancel membership but may be restored to membership 
without any action by the Society by payment of all arrears including 
dues for the current year. 

Article 4* The time and place of the meetings of the Society shall be 
fixed by the executive committee. 

Article 5. A quorum at any meeting for the transaction of business 
shall consist of not less than 10 per cent of the active members. 

Article 6, These by-laws may be amended at any regularly called 
meeting by a two-thirds vote of those present. 

Action on report on constitution 

Moved by Eckles, seconded by Cooper that the amendments 
to the constitution be adopted as read. 

Moved by Wing, seconded by Stocking that membership plan 
no. II be adopted. 

Above motion put to vote. Carried. 

Moved by Eckles that present oflBcers hold over to January 1. 
Carried. 

Next the report on relation to Breed Associations was called for. 
Professor Eckles, chairman of this committee, made the report 
which follows: 

Report by Committee on Relation to Breed Associations 

Whereas, the Superintendent of Advanced Registry of the Holstem 
Friesian Association of America, in reviewing the tests of semi-official 
records as reported by the Experiment Stations, has adopted a practice 
by which tests for individual months are rejected and averages for the 
preceding and succeeding months substituted, thereby either increasing 
or decreasing the particular record in question. 
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Be it resolved that this organization go on record as being strongly 
opposed to any practice by which tests are reported by the 
Experiment Stations may be adjusted by the Superintendent of 
Advanced Registry and that we urge the adoption of a system of 
automatic verification tests in connection with semi-official records, 
thereby increasing the official portion of the records rather than de- 
creasing it as is the case under the present system. 

It is recommended that in order to safeguard Experiment Stations 
and Agricultural Colleges from legal complications in vouching for 
Advanced Registry Testing that a statement setting forth the limits 
of the responsibility assumed should be stamped upon each report at 
the time the signatures of the Superintendent of Official Testing is 
affixed. 

That Advanced Registry Testing should impose no financial burden 
upon the institution supervising such testing and that such insti- 
tutions are justified in appropriating from the breeder for whom their 
testing is done the full expenses incurred including the full expenses of 
the supervisor. 

That the Dairy Science Association ask the Holstein Friesian Asso- 
ciation to either discontinue admission to the advanced registry on a 
seven day test or to extend that time which must elapse after freshening 
before the test is begun. 

Moved by Eckles, seconded by Prucha that Part I of this 
report be adopted. It is understood that the committee will 
furnish the wording. Action. Carried. 

Section II. Moved by Regan, seconded by Gamble that 
Section II be adopted as read. Action. Carried. 

Section II was to be sent with proper explanations by the 
conamittee to Deans of Colleges and Heads of Departments. 

Section III. Section III caused considerable discussion during 
which adjournment was made for lunch. 

Meeting was called to order at 1.30 and discussion resumed 
on Section III of Eckles’ report. 

It was moved by Regan, seconded by Brant that the com- 
mittee request the Association of Agricidtural Colleges and Ex- 
periment Stations to be relieved of the responsibility of con- 
ducting all tests on all breeds of less than 300 days duration 
after October 1, 1920. 
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Section IV. Moved and seconded that the resolutions apply 
to all breeds. Carried. 

Moved by White, seconded by Harding, that the committee 
on relation to breed associations be informed to present this 
matter to the Association of Agricultural Colleges and Experi- 
ment Stations. 

After disposing of the report on relation to breed associations 
a report for the committee on milk quality was made by the 
chairman. Dr. Harding. 

Mr. Gamble moved that this Association go on record favoring 
standardization of milk under proper supervision. (The com- 
position to be stated on the label). 

Remarks were made by Kelley of Washington and Professor 
Troy of Cornell. Action. Carried. 

Dr. Harding’s report follows: 

Standardization of Milk 

A part of the fascination of city milk problems arises from the fact 
that something new is always developing. 

You are familiar with the minimum legal limits of milk composition 
which are in force in every state. You know that this form of legal 
enactment came into vogue when it was supposed that there was some 
natural limit below which milk would not go unless it was adulterated. 
You know that this idea is erroneous and that today a very consider- 
able fraction of the milk of the country as it comes from the cow is 
illegal from the standpoint of these minimum legal standards. The 
most common deficiency is in ‘‘solids not fat,^’ but occasionally one 
finds entire herds which are below the legal limits in both “fat” and 
“solids not fat.” I think everyone conversant with the facts agrees 
that this illegal milk is an entirely wholesome and desirable food, its 
sole disadvantage being that it is not worth as much for food as an 
equal volume of a richer milk. Naturally, the milk producers who are 
selling this wholesome food just as it comes from the cow resent being 
branded as criminals. There has, accordingly, arisen on the part of 
the milk producers a widespread dissatisfaction with these dairy laws. 

Following the unprecedented high price of milk the consumers are 
beginning to inquire regarding the food value furnished by milk. It 
develops that under the guise of milk they are liable to obtain an 
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article carrying anywhere from 3 per cent of fat and furnishing 646 
calories per quart to one carrying 5 per cent of fat and furnishing 777 
calories of energy per quart. They are interested in knowing a little 
more regarding the real value of the milk which they are buying at 
present high prices. 

Until recently the milk dealers bought milk on the basis of weight 
and the composition was not a serious matter to them so long as it 
was above legal limits. Now milk is practically all purchased on the 
basis of fat content. While formerly the fat content did not enter into 
the cost price, now a variation of 0.1 per cent in the fat content of the 
milk purchased by a single company may mean as much as $100,000 
per year. 

These movements among the producers, handlers, and consumers of 
milk all have a common influence toward demolishing the old con- 
ception of milk as a substance of uncertain composition, and call for 
the recognition of milk or milks of definite c^^mposition to fit definite 
situations. In short, we are rapidly approaching the standardization 
of milk. 

Standardization is a natural part of milk quality but because it has 
a number of angles and relationships I have hesitated to assume that 
it was a problem to be taken over by the committee on milk quality. 
I did, however, urge that the officers of the Association give the matter 
of milk standardization and milk standards consideration at the 
present meeting. 

Your president has directed that it be taken up with the committee 
on milk quality, but as his instructions to this end did not reach me 
until last Saturday, time has not permitted consideration by the 
committee. 

In attempting to get justice done, the milk producers who chance 
to have low testing cows, it seems fairly clear that little can be 
accomplished by attempting to have the present legal limits slightly 
lowered. Such action is not a solution for the real difficulty and brings 
one into sharp conflict with the representatives of the consumer who 
insists that the standards are now too low. Again, in the case of milk 
entering into interstate commerce, little can be accomplished unless a 
change is made in the laws of both states, as well as the federal regu- 
lations. This is manifestly a diflScult undertaking. 

Recognizing the magnitude both of the problem and of the dif- 
ficulties involved, it has seemed best to strive for a concerted action 
on the part of the various interests involved. To this end the matter 
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is coming up in the various national bodies interested and later there 
will undoubtedly develop some satisfactory solution. 

It seems fairly plain that if milk is sold for what it actually is, the 
situation will be fair to all concerned. It would seem that m the case 
of city milk this would lead to standardization and sale with an ac- ^ 
companying statement of the fat content and such other items as may 
be deemed necessary. 

If this Association wishes to be a force in working out a better basis 
for milk standards than that at present in vogue, your committee on 
milk quality would like instruction or suggestions as to its future 
action with regard to this matter. 

At this juncture Professor Van Norman came into the meeting 
and was asked to make a talk. 

Professor Van Norman gave a r4sum4 of the development of 
the dairy show and of the dairy association, stating something of 
the position of influence that it should occupy. In the course of 
his remarks Professor Van Norman presented his ideas of a 
world’s dairy congress and urged the appointment of a com- 
mittee to codperate with other agencies to work on such a 
program. 

Moved, seconded, and carried that a committee be appointed 
by the president to work with other agencies toward the end of 
making out plans for a world dairy congress. 

Report called for on testing butter for fat. 

A short verbal report was made by I’rofessor Troy. Extensive 
remarks on this subject were made by Professors Bouska and 
Hepburn. 

No action taken. 

Report on Legal Standards for Butter presented by Professor 
Mortensen, Chairman. The report follows: 

Rbpobt on Lboai. Standabdb fob Butteb 

As this committee had already completed its most important work 
a couple of years ago, there is only a brief report to present at this 
time. 

The question of butter standards is a very important one at this time. 
There seems to be a general tendency on tlra part of the public at present 
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to regulate the various industries and to demand that standards be 
fixed, especially for such important ‘foods as dairy products. The 
members of the American Dairy Science Association welcomes these 
reforms. We consider that it is fair to consumers, producers, and 
manufacturers to adopt standards, if such are formulated, so they are 
fair to all concerned, No standard will be fair to the consumer or to 
the American dauyman or manufacturer, unless it is high enough so it 
will protect the quality of the American butter, but it is just as unfair 
to establish a standard so high so that it will be impossible for the 
American dairyman to comply therewith during certain part of the year. 

We commend the work of the American manufacturers of dairy 
products. They are progressive and are not slow in adopting the 
modem methods in the process of manufacture, and wherever we go 
we usually find modem creameries operated by up-to-date butter 
makers. Compare today’s creamery butter with butter made on the 
farm, and there is a remarkable contrast. Analysis made of farm 
dairy butter indicates that there is no uniformity in the product, the 
composition varying much with local conditions. It is to be regretted 
that only a very limited amount of data was available; more work 
would have been done at the Iowa State College had there not been a 
shortage of men in the Dairy Department. 

The following analjrses were made by the Dairy Department of Iowa 
State College of Iowa farm butter during the month of June, 1919: 


DATS 

1IOX0TUBS 

BAinr 

WAT 

June 19 

SMf cent 

12.5 

per cent 

2.49 

per cent 

81.75 

June 19 

22.1 

2.23 

75.25 

June 19 

16.85 

3.47 

79.00 

June 19 

18.75 

2.85 

75.75 

June 19 

17.35 

1.48 

76.25 

June 19 

15.0 

0.69 

82.25 

June 20 

10.9 

6.13 

80.00 

June 20 

14.45 

0.80 

82.75 



The following analyses were made by Mr. W. B. White of Cornell 
University: 
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HsO 

NaCl 

CABSIN 

10.63 

6.25 

1.36 

11.22 

3.92 

0.99 

15.18 

2.60 

0.86 

10.74 

3.94 

1.19 

8.02 

4.27 

1.41 

9.86 

5.06 

0.73 

8.84 

7.00 

1.44 

12.76 

4.86 

1.52 

11.29 

1.91 

1.08 

13.04 

2.24 

0.81 

13.83 

3.42 

1.23 

14.65 

2.34 

0.93 

12 54 

4.58 

0.83 


Moved by Professor Mortensen, seconded by Professor Lee 
that the report be adopted as read. Carried. 

Moved we adjourn to meet at 7 p.m., Hotel La Salle, for our 
annual banquet. Carried. 

A delightful banquet was served in the East Room, Hotel 
La Salle with about seventy in attendance. This was the 
largest banquet ever held by the Association. The principal 
address of the evening was given by Dean E. Davenport, Dean 
of the College of Agriculture, Urbana, Illinois. Following Dean 
Davenport^s address the association listened to an informal talk 
relative to the future of the Joubnal of Dairy Science by 
Professor Frandsen, editor of the Journal. 

Professor Erf, Chairman of the Committee on Cost of Pro- 
duction, then made a report which follows: 

Report of Committee on Cost of Production 

A further development of the dairy business and the maintenance of 
an adequate milk supply is positively necessary for the development 
of man. Since milk is one of the most important foods and for which 
there is no substitute for developing health in children and maintain- 
ing the health of the adult, it is of the utmost importance that the 
supply be kept uniform and the price constantly at a level that will 
insure a supply of milk sufficient to provide for the demands of the 
increasing population and for the growing consumption that inevitably 
follows when people are educated as to its food value. 
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ECONOMICS OF MILK 

If prices are too high, consumers are required to pay so much for 
milk that the consumption is consequently curtailed; production is 
unduly stimulated on the farm and whenever possible farmers will 
enter into production more extensively and will cease to supply the 
normal supply of other foods. This inevitably results in injury to the 
farmer who has made his plans with the idea in mind that the high 
price will continue. 

On the other hand, it is possible for a time to hold the price so low 
that production will be curtailed. If the range between cost of 
production and the price received for a product is very great then a 
reaction usually follows in which the difference is in the opposite 
direction. The full effects of low prices are not immediately apparent, 
due to the fact that no costs are available and by the time that the 
haphazard producer realized the fact that he is suffering a loss, the 
intelligent dairyman has been forced out of business. 

As a result, the dairy business will be demoralized to a considerable 
extent. Low prices result in the raising of a decreased number of 
heifer calves and consequently prevent the normal extension of the 
dairy business. 

In the past the price of milk has been quoted in advance, for periods 
of a month or more. No feasible plan has been developed for selling 
milk on the daily market in the way in which grains are sold, and on 
account of the nature of the commodity, such markets are not likely 
to be developed. Since prices are quoted in advance, it is impossible 
to exactly foretell the supply or demand. Obviously the price of milk 
should be adequate to maintain a constant supply. The maintenance 
of the proper number of cows is more important than an excess or 
shortage of supply in any particular period, which may be too high or 
too low on account of the character of the season or other conditions. 

The safest basis for forming a judgment as to what prices are neces- 
sary in order to maintain the number of cows that are necessary to 
furnish the required amount of milk continuously, is cost of production 
and we recommend that the price be made based upon costs for short 
time periods. Experience has shown that the monthly basis is the 
best as in no case should the contract be made to exceed three months. 
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COST OP PBODUCTION 

It has been stated in the past that in discussing cost of production^ 
the object in view should be clearly defined. There should be a dis* 
tinction between the cost studies which have for their purpose arriving 
at the relative profitableness, with a view to obtaining a basis for 
choice on the part of the farmer, who has such an alternative, and those 
who have for their purpose the determining of what constitutes a fair 
price. 

Within the past few years these conditions have brought on a feeling 
of mistrust on the part of a large number of milk commissions, food 
administrations and other public officials, in regard to the methods of 
figuring costs. While from the accountant’s standpoint, farm cost 
studies may be theoretically more correct the practicalness of ob- 
taining the figures frequently stands in the way. After all, the allo- 
cating of the various items might be incorrectly estimated unless the 
work is done by a competent man who can get true estimates and place 
a true proportional value upon each item. We therefore recommend 
that system of accounting be used, which may be termed “the depart- 
mental system” in which the dairy constitutes one department. For 
our purpose this should be given the chief consideration; although if 
other departmental accounts can be determined in addition, it will 
be exceedingly helpful in determining the relative incomes. For it 
might give the consumer an opportimity to see that the farmer while 
profiteering in one department was losing in another. 

There are several methods by which dairy production costs may be 
determined: (1) the individual cow costs or the herd costs. While it 
is possible to separate herd costs from individual cow costs in some 
items, as a rule individual cow costs is the better method of securing 
cost of production. 

These facts have been brought out in the cow testing associations 
And need not be mentioned here. It is for this reason that the cow 
ttesting associations have been converted into cost accounting asso- 
ciations, the latter differing from the former in that it includes labor 
AS well as other costs in determining the profitableness of the cow and 
4>i the herd. Therefore, cow testing associations and cost associations 
might be inaugurated, and has been done in some instances. The 
combination makes a very practical and profitable method of obtaining 
Accurate figures, and we submit it to you for your consideration, as to 
whether you will endorse this method of dairy cost accounting. 
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In figuring the cost of milk production with the individual cow cost 
^accounting system, three accounts must be taken into consideration, 
namely: (1) the producing herd account; (2) the young stock 
.account; and (3) when a bull is kept, a bull account. 

The net cost of the young stock determines the proper valuation at 
which the heifers are placed in the inventory of the producing herd. 
In this case, when a calf is four days old, credit is given to the pro- 
ducing herd account and the calf is turned over into the young stock 
account. When this heifer grows to maturity and is producing milk 
the heifer is turned over into the producing herd account and given 
credit in the young stock account. In the same manner the bull 
.service is charged to the cow. The net cost of keeping a bull divided 
by the number of cows determined the breeding charges per cow. 

For the purpose of convenience and relative importance the selling 
price of milk should be determined at three points: (1) its value upon 
the farm, (2) its value at the country plant, and (3) its value in the 
city. Prices are determined by comparisons and it is unfair to make 
unequal comparisons, as is so frequently done under present con- 
ditions. Milk delivered in the smaller country towns may be de- 
livered at a comparatively low price but still net the farmer more on 
the farm than when shipped to a large city. This oftentimes does 
the smaller city a great injustice; and the opposite may likewise be 
true. We, therefore, suggest that in cost accounting systems, the 
selling price be considered at two points at least — cost on the farm, 
the cost in the city, and whenever a county plant is used, a third cost 
jshould be given. 


THE PRODUCING HERD ACCOUNT 

The producing herd account is divided into two parts, the items 
relating to receipts and the items relating to expenditures. The ex- 
penditures of cost, minus the receipts or credits, will give the net cost 
of the milk sold. 

1. Receipts, Under receipts are included milk and other dairy 
products, dairy products used upon the farm, calves, manure, hides, 
feed bags and other credits. 

Expenditures, Expenditures are divided under three general heads 
— ^feed, labor and other expenses. 
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DETAILED DESCRIPTION OP PRESENTING DATA ON THE COST OP 
MILK PRODUCTION 

Milk and other dairy products. Credit receipts for all sales. Note: 
Care must be taken that the credit is properly construed, depending 
upon the point at which the credits are paid. In most cases the credits 
are given at the point of distribution or in the city; however, in some 
cases they are paid at a point known as the country plant or receiving 
station. In a few cases they are paid at the farm. 

Dairy products used at the farm. Credit the quantity of dairy prod- 
ucts used at the farm. The price of milk at the farm, not including 
transportation, should be charged. 

Calf. The value of the calf when four days of age should be credited 
to the herd account. Note: If a grade calf, the value should be the 
current price based upon slaughter value, depending upon the size of 
the calf and the breed, plus the value of the record of performance of 
the ancestors, if such records are available. If a pure bred, it should 
have pure bred value, depending upon the record of performance of the 
ancestors. In case the calf dies after it is one day old, credit for the 
hides should be given. 

Manure. Credits for manure, according to the office of the Farm 
Management of the United States Department of Agriculture, manure 
ordinarily should be credited at $1.50 per ton, for the tonnage actually 
recovered, but owing to the increased price of commercial fertilizers 
during the war, manure may be charged at perhaps $2 per ton which 
would mean $2.75 in the field. However, no specific amount should 
be stated in this report as its value depends tjo a great extent upon the 
locality. The average cow voids about 56 pounds of manure a day 
and the amount recovered is that which is usually accumulated in the 
stables and in the yards. 

Professor White of the United States Department, Chairman 
of the Committee on Students Judging Contest, made the follow- 
ing report which was adopted as read. 

Report of the Committee on Methods of Conducting a 
Students' Dairy Products Judging Contest 

Since the last contest was held two years ago, there has been under 
discussion the advisability of making some changes in the rules, and, 
after discussing the matter with various members of the dairy depart- 
ments concerned, the following rules and changes are recommended: 
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1. This contest shall not be held unless three teams shall have been 
entered at the time specified in these rules. 

2. In order that the contestants may know the standard used by the 
official judges, the latter shall select two additional samples of each 
product representing high and low quality respectively , and shall score 
and criticise these samples. The score and criticisms for each package 
of butter, cheese and milk shall be plainly written on a card signed by 
the judges and attached to the sample. These standard samples shall 
be available for examination by the contestants immediately before 
the contest. 

3. In addition to placing scores upon the products, each student 
shall write his criticism or state his reason for the score given. 

4. In determining the rating of the contestants, equal rating shall 
be given to the score and the criticism. 

5. The butter shall be scored and criticised in accordance with the 
system outlined in Service and Regulatory Announcement No. 51 of 
the Bureau of Markets, U. S. Department of Agriculture. 

6. The committee is authorized to devise a method of rating the 
criticisms on the products and make any minor changes in the rules 
that seem desirable. 

Professor Frandsen, Chairman of Committee on Score Cards 
for Dairy Products, reported as follows: 

First that the committee recommend that the American Dairy 
Science Association officially adopt the following score cards: 

Cheese 

points 


Flavor 45 

Texture 30 

Make-up 15 

Color 10 

Score cards for butter 

points 

Flavor 45 

Body 25 

Color 15 

Salt...; 10 

Package 5 

Total 100 
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Score card for cream 

points 


Bacteria 36 

Flavor and odor 25 

Fat 20 

Sediment 10 

Acidity 5 

Bottle and can 5 

Total 100 


Relative to the score card for milk, the committee recommends that 
definite score cards as for milk be left open for study during the year, but 
in order that the dairy product coaches for the next students contest 
may have something definite on which to work, the committee recom« 
mends that for next year’s contest the following score card be used as 
basis: 

poinU 


Bacteria 35 

Flavor and odor 25 

Visible dirt 10 

Fat 10 

Solid, not fat 10 

Acidity 6 

Bottle and cap 5 

Total 100 


The committee does not feel warranted at this time in recommending 
score cards for ice cream, milk powder or condensed milk, but urges 
that the committee be continued and additional men be added to the 
committee and that during the coming year an especial study be made 
relative to score cards of these products. 

Professor Frandsen moved that the committee's report be 
adopted. Motion duly seconded and carried. 

Professor Lockwood, Amherst, was asked to prepare a report 
covering his studies of Dairy Departments of the country while 
he was with the DeLaval Separator Company. The report 
presented was adopted as read.* 

• This report was published in voL ii, no. 6 (November issue), Jottbkal op 
Dairy Science.*— F dt/or. 



MOTTLES IN BUTTER— THEIR CAUSES AND 
PREVENTION 

O. P. HUNZIKER AN0 D. PAY H03MAN 
Blue Valley Research Laboratory, Chicago 

Definition of motUes. Mottles refer to uneven color in butter, 
causing the appearance in the body of the butter, of deep yellow, 
translucent blotches interqiersed by whitish, opaque dapples. 
Mottled butter differs from wavy or streaked butter in that in 
tile wavy butter, the different shades of yellow appear in waves, 
streaks, or layers and the color in one and the same layer maybe 
uniform or solid. 

Effect on market value. While mottles in butter do in no way 
affect the flavor, keeping quality and wholesomeness of butter, 
and while therefore the criticism of the trade appears to be a 
purely superficial one, the objection to mottled butter is no less 
real. Butter that is otherwise of good quality and might score 
a good “extra,” if it is mottled, clears as a “second” and is 
purchased on that basis by the dealer. 

ExperimerUal results of other investigators. Like other butter 
defects not related to flavor and keeping quality, so has this 
color defect — ^mottles — ^failed to be subjected to extensive 
scientific eicperimental investigation by tiie majority of dairy 
investigators. And the conclusions at which those workers 
arrived who did concentrate their efforts on this def^t, in a large 
measure fell short of a satisfactory solution of the causes and 
practical method for the prevention of mottled butter. The dairy 
literature shows research on mottled butter by Storch (1), Van 
Slyke and Hart (2) and by Sammis and Lee (3). 

Storch’s work, done prior to the year 1897, represents the 
most comprehensive experimental study on this subject, but some 
of his conclusions were entirely erroneous. He concentrated his 
endeavor on a study of the fat globules and butter granules. 
Accordingly he found that each fat globule in milk and cream is 
surroimded by a slimy nitrogenous film. In the process of 
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churning a part of this film of each globule has to be tom away 
in order for the globules to unite into butter granules. When 
uniting, a part of this film is left around each fat globule while 
the remainder is tom away, becoming enmeshed between and 
in the granules of butter. He further holds that this slimy 
nitrogenous film is the only part of the fat globules capable of 
holding water. 

Storch considers that there are two kinds of water in butter. 
The first kind is that which is contained in this nitrogenous film 
of the fat globules and such portions as have been tom away. 
The second is the wat^ which is gathered up by the butter 
granules in their process of forming, from the buttermilk, and 
part of which is later replaced by the water used in washing the 
butter. The water contained in the slimy nitrogenous film con- 
sists of exceedingly minute droplets very completely emvdsified. 
The water that the butter granules pick up from the butter- 
milk is present in the form of larger droplets not so firmly held 
by the butter granules. 

Storch found that it is these localized units of very fine drop- 
lets, emulsified in the nitrogenous slime that give mottled butter 
the opaque, thick, whitish dapples, and that it is the larger 
droplets resulting from the water which the granules pick up 
from buttermilk and the wash water, that give the butter the 
deeper yellow, clearer blotches. 

Storch attributes these imeven distributions and localiza- 
tions of the small and large droplets to the particular fermenta- 
tion that goes on in the ripening process of cream, and he en- 
deavors to show that a bitter milk organism produces light local 
opaque color when used for ripening the cream, while butter 
made from lactic-acid ripened cream produces a clear, deeper 
yellow butter. He even goes so far as to claim that when he 
ripened cream wiUi starter made from the light colored blotches 
of mottled butter, the butter so resulting would be li^t in color, 
while when he made butter from starter inoculated with the 
dark, clear blotches of mottled butter, the resulting butter would 
be of that color, and he further states that microscopic counts of 
the water deoplets show a similar predomination of the large or 



MOTTLES IN BtTTTBB 


79 


small droplets in the experimental butter and the original butter 
£rom which the starter was made. 

Storch therefore concludes that unevenness in color is due to 
different fermentations which are going on in the ripening of 
cream, and he states that if cream is ripened in several different 
receptacles, even if the ripening process is started in exactly the 
same maimer, different species of microorganisms may gain the 
ascendency in the different receptacles. When this cream is 
churned separately into butter and the butter then is worked 
together, mottles are produced. 

The writers fully agree with Storch in his deductions that 
certain ferments are capable of making lighter colored butter 
than others. The fact is that ferments which act on the curd in 
cream in such a maimer as to increase its viscosity and there- 
fore its emulsifying power tend to produce a butter in which 
the water-in-fat emulsion is very complete and which, owing to 
the great multitude of extremely finely divided water droplets, 
is very opaque and has a very light color. To this group of 
ferments belong most of the proteol3d;iccand liquefying micro- 
organisms, including organisms capable of making cream bitter. 

That butter made from lactic-acid ripened cream has a some- 
what more open body and deeper yellow, clearer color than sweet 
cream butter is well known. In this case the curd is acted upon 
in the opposite direction. The acid causes it to be precipitated 
and to become less viscous. Its emulsifjdng power is reduced. 
Hence a butter is produced in which the water-in-fat emulsion is 
less complete, the water droplets are fewer in number and 
lai^ger in size and this in turn causes it to have a clearer and 
deeper yellow color. 

But from this point on Storch’s conclusions concerning the 
causes and prevention of mottles in commercial butter are 
utteriiy erroneous, and their application fails to solve this butter 
defect. Mottles in commercial butter have nothing whatever 
to do with the ripening process of the cream, they are exclusively 
caused and controlled by factors related to the salting and 
working of butter, as will be shown in subsequent paragraphs. 
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Vatn Slyke and Hart, as the result of an ectensive experimental 
study of the causes of mottles concluded that tnottles in butter 
aie due, primarily, to the presence and uneven dbtributum of 
buttermilk adhering to the outer surface of the small granules, 
and secondarily, to the hardening and localizing effect of salt 
brine upon the proteid of the buttermilk thus retained in butter. 
They hold that the light portions of mottled butter owe their 
lighter color to the presence of localized proteid (usually casein 
lactate) and that the yellow or dear protions occur whore the 
spaces between the butter granules are filled with dear brine 
aikl are comparatively free from casein compounds. They 
further state that several hours are required to complete the 
action of the brine upon the proteid of butter. They foimd by 
experimental analysis that the amount of proteid (casein lac> 
tate) in mottled butter is often slightly greater in the light por- 
tions than in the darker portions and conclude that this is the 
cause of the lighter color of the mottles. 

On the basis of the above findings and conclusions Van Slyke 
and Hart suggest that mottles in butter can be prevented by 
avoiding those conditions that retain buttermilk in the butter 
and observing those conditions that favor the removal of butter- 
milk from butter granules before salting, and that the butter 
granules should be about the size of rice grains and should be 
washed twice with water at a temerature of 35® to 45®F. It is 
obvious from what has already been stated, and from results of 
the experiments described later in this discussion, that these 
conclusions, too, are incorrect and the application of the direc- 
tions offered by these investigators has not the slightest effect 
on the presence or absence of mottles. 

Sammis and Lee repeated a portion of Storch’s investigation. 
They found that butterfat, freed from casein by melting and fil- 
tration, then emulsified with water and churned, produced 
typical mottles when the salt was not evenly distributed through- 
out the mass. They thus produced mottles entirely indepen- 
dent of the casein. Microscopic examination of such butter 
showed similar results as in the case of Storch’s esqjeriment. In 
the portions which were lighter in color, the water was present 
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in the fonn of innumerable small droplets, while in the portions 
that were darker, the droplets of water were much larger. No 
counts nor measurements of the water droplets were given. 
These investigators emphasized the importance of thorough 
working of the butter to prevent the mottled appearance of the 
butter. 


OtTR EXPERIMENTS 

Amount of buUermilk and curd in butter and temperature of 
wash tvater are not cause of mottles. The application of the con- 
clusions of Van Slyke and Hart, in conunercial buttermaking 
had long failed to avoid the appearance of mottles in butter. 
But, in order to demonstrate by exact experimental work the 
influence, or absence of influence, of the amount of curd in 
butter, and of the temperature of the washwater, as related to 
mottles, 36 separate churnings were made. This experiment 
was conducted in sets of four churnings each, the four churnings 
of each set being made from different portions of the same cream. 
All churnings were stopped when the butter granules were very 
small so as to facilitate removal of buttermilk. Two churnings 
of each set were washed with four washings and until the wash 
water was perfectly clear. The temperature of the wash water 
ranged from 40° to 50° F. The remaining two churnings of 
each set were not washed at all. One of the washed and one of 
the unwashed chiunings of each set was salted, the other two 
churnings of each set were worked without salting. All lots 
were worked in the same manner and to the same extent. The 
working was purposely not carried quite so far as is necessary 
to avoid mottles. The results were very striking. 

None of the unsalted butter showed mottles, whether washed 
or not washed. They all had a very compact texture and opaque 
whitish color. All of the salted churnings were mottled, regard- 
less of whether the butter had been washed or not. The curd 
content in the washed butter ranged from 0.32 to 0.68 per cent, 
and the curd content in the unwashed butter ranged from 0.75 
to 1.44 per cent. 
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These resiilts indicated that the amount of curd in butter has 
not the slightest effect on the uniformity of color, that the tem- 
perature of the wash water has nothing to do with mottles and 
that the presence and distribution of the salt and brine is the 
only factor determining mottles. 

Curd enhances stcibUity and permanency of emulsion of water in 
hatter. A clear understanding of the reasons for and the devel- 
opment of the succeeding experiments demands an explanation 
of the physical structiue of butter. 

Cream is a permanent emulsion of fat-in-skimmilk ; the fat is 
the dispersed phase and the skimmilk the continuous phase. 
The emulsifying agents are: first, the process of milk secretion 
placing the butterfat into the skimmilk in a very fine state of 
division; second, the surface tension of the butterfat in excess of 
that of the skimmilk, holding these minute particles of fat in 
the shape of spheres or globules, and causing each globule to be 
surrounded by a concentrated layer of nitrogenous matter of 
the skimmilk; and third, the viscosity of the skimmilk which is 
caused by the hydrophyllic colloids casein and albumin and by 
the lactose or mUk sugar. Cream is a true and permanent 
emulsion. This emulsion can be destroyed only by agencies 
that offset and overcome the force of surface tension as will 
result for instance from solidification of the fat globules by 
cooling the cream, followed by coalescence into butter granules 
brought about by the churning process as shown by Hunziker 
(4), or by agencies that greatly diminish the viscosity and water- 
holding properties of the nitrogenous constituents in the cream 
as may result for instance from heating while the cream is at 
rest causing the butterfat to “oil-off.” 

The temperature at which the churning process is completed 
most rapidly is that at which the fat in the globular state becomes 
solid and of such consistency that, when they come together by 
impact, they coalesce and merge. As the churning process 
progresses a pomt is reached where the fat globules have united 
to such an extent, and the butter granules have become so large 
in proportion to their sxurfaces, that the surface tension and 
other factors are no longer sufficient to sustain the emxilsion dt 
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fat in skimmilk. The skimmilk recedes and the butter granules 
separate out, the butter “breaks.” At this point the emulsion 
changes from a fat-in-skimmilk emulsion to a skimmilk-in-fat 
emulsion. The skimmilk is now called butter milk, and the 
butter milk is now the dispersed phase and the butterfat is the 
dispersing or continuous phase. 

In properly washed butter the butter milk is largdy replaced 
by water and therefore is removed from further consideration. 
The factors which now make butter a true emulsion and which 
establish the permanency of this emulsion are the temperature 
that keeps the fat in a solidified state and the nitrogenous matter 
or curd. 

While the curd content of butter is small, averaging around 
0.7 per cent, it plays an important r61e on the physical condi- 
tion of the butter. During the churning process the curd dis- 
tributes the water in the butter in a very fine state of division 
and it assists in sustaining this fine division. To be sure, pure 
water can, by mechanical means, be finely distributed through- 
out^butterfat and by cooling it can be held there; but this is not 
readily possible by the churning process and without the presence 
of an emulsifying agent such as curd. 

Fine division of water droplets in butter produces opacity and 
diminishes intensity of yellow color. When two substances in- 
soluble in one another, and having different refractive indices 
are finely emulsified together, they form an opaque material of a 
lighter color. This opacity is caused by the bending of the 
rays of light at many and varied angles, due to the lai^r num- 
ber of refracting and deflecting surfaces, and the degree of 
opaqueness is proportionate to the number and size of angles or 
refracting surfaces, i.e., due to the fineness of division. The 
same is true of one and the same substance reduced to a very 
fine state of division. Copper sulphate illustrates this phe- 
nomenon well. The large copper sulphate crystals present a 
deep blue color and are transparent. As the size of these 
crystals is reduced and the number of refracting surfaces in- 
creased, the transparency and the intensity of the blue color 
diminishes imtil the powder form is reached, which is completely 
opaque and almost white in color. 
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The emulsion in butterfat or butter, of water in a finely divided 
state causes such butter to be more opaque and lighter in color 
than the pure butterfat. Hence butter, which represents an 
emulsion of minute water droplets in butterfat, is less toanslucent, 
more opaque and lighter in color than butterfat. 

Unsalted butter has a lighter and more opaque color than salted 
butter because in unsalted butter the water droplets are present 
in the original, finely divided state of the water-in-fat emulsion, 
while in salted butter this emulsion has been somewhat disturbed 
and partly destroyed by the action of the salt. 

Furthermore, the greater the difference in the rdtractive index 
between the liquids or solids which are emulsified, the more 
abruptly are the rays of light bent and the more opaque becomes 
Hie emulsion. The difference between the refractive index of 
butter and of water is greater than between the refractive index 
of butter-fat and brine. This in turn increases the opacity of 
unsalted butter. In the case of salted butter the refractive index 
of the brine is more nearly the same as the refractive index of 
the butterfat. This enables the salted butter to be more nearly 
as translucent and as deep in color as pure butterfat. 

Finally, any substance or condition that is capable of acting on 
and reducing the water-holding power of the emulsifying agent 
in butter — ^the curd — ^has a tendency to make the emulsifica- 
tion more dMcult and less stable, causing the water droplets 
to be larger in size and fewer in number. Van Slyke and Hart 
have demonstrated that salt has a very decided action upon 
curd, as rdated to its water-holding property. Then again, the 
salt owing to its affinity for water, draws the water droplets 
together into larger aggregates, which further assists in the 
increase in size and decrease in number of water droplets. 

That the size of the liquid droplets has a marked effect on the 
opaqueness of butter was effectivdy shown in the following 
manner: 

Clear, pure, filtered buttorfat was divided into four equal 
portions. To portion II was added 15 per cent, by volume, of 
distilled water; to portion III was added 15 per, cent, by volume, 
(ff saturated brine; to portion IV was added 15 per cent, by 
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volume, of a viscous corn sugar syrup; portion I was kept pure 
for a check. 

The four portions were vigorously shaken and simultaneously 
cooled. This was done in quart glass jars locked into a box 
holding the four jars and shaking back and forth on a mechani- 
cally operated eccentric. When this shaking and cooling had 
reduced the contents of the jars to a mushy consistency, the 
contents were removed from the jars, molded into bricks and 
set in the cooler for a day. 

The four bricks were examined the next day for intensity and 
uniformity of color, and bricks II, III and IV were examined 
microscopically for size and counts of liquid droplets. The 
results of the microscopic examinations are tabulated below: 

of droplets 

No. IT butterfat with water. . . 4 to 20 microns, average 6 microns 

No. Ill butterfat with brine . . 4 to 20 microns, average 6-8 microns 

No. IV butterfat with syrup. .20 to 50 microns, average 40 microns 

The above figures show that prints II and III, representing 

the butterfat emulsified with water and with brine, respectively, 
contained droplets averaging 6 microns in diameter while print 
IV, representing the butterfat emulsified with syrup contained 
dropkits which averaged 40 microns in diameter. 

Prints II and III, representing the water and brine emulsions 
respectively, were alike in color and opaqueness. They were 
lighter and more opaque than print I representing the pure 
butterfat. Print IV, representing the syrup emulsion was 
plainly deeper yellow and clearer than prints II and III and it 
had very nearly the same appearance as print I. 

The contrast was somewhat minimized by the copious incor- 
poration of air in all four lots and yet the difference was quite 
marked. These findings demonstrated anew that the larger drop- 
lets in the case of the syrup emulsion, were capable of per- 
mitting the rays of light to enter sufficiently to give the print a 
deep, translucent color similar to that of pure butterfat, while 
the smaller droplets in the case of the water and brine emulsions 
deflected and refracted the rays of light sufficiently to lend to the 
prints an opaque whitish color. 
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Decrease of water droplets in butter by evaporation gives butter a 
clearer and deeper yellow color. The water-in-fat emulsion, rep- 
resenting butter, may be broken also and the opacity changed to 
translucency and a deeper yellow color, by evaporation of the 
moisture of the butter. This was strikingly demonstrated by 
the authors. A print (1 pound) of unsalted butter was set at 
room temperature (about 75® F.) for one month. At the end 
of this time the print was cut for examination. The cross sec- 
tion showed a sharply defined layer of a deep yellow and trans- 



Fig. 1. Cross Section of Print of Unsalted Butter Stored \t Hoom 
Temperature for One Month 

lucent color, while the interior of the same print had retained the 
opaque, light, straw color of normal unsalted butter. The deep 
yellow surface layer was about inch thick. Figure 1 shows a 
photographic view of a cross section of this print. Analyses for 
moisture content are shown in table 1. 

The above figures show that the moisture content in the 
outer layer, that part of the print that had changed to a deep 
yellow color and striking translucent appearance, had lost most 
of its moisture, while the interior of the print, that part which 
remained unchanged and had retained its original light straw 
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color, and opacity, contained from about six to thirteen times as 
much moisture. A similar effect was also produced in the cold 
by keeping unsaltcd butter in a desiccator containing sulphuric 
acid. By evacuating the desiccator containing sulphuric acid 
the time required to produce the same results was materially 
shortened. 

These results simply show that by evaporation a part of the 
water-in-fat emulsion was broken and that the number of the 
small water droplets decreased very greatly. This in turn 
diminished the number of surfaces deflecting and refracting the 
rays of light. The light was capable of penetrating this outer 
layer and thereby to show more nearly the natural color and 
transparency of the butterfat. 


TABLE 1 

Per cent water in outer and inner portions of butter 


SAMPLE NUMBER 

PER CENT 

MOISTURE 

Outside layer deep yellow, 
.translucent 

Interior of print, straw color, 
opaque 

1 

1 77 

9 n 

2 

1.25 

17.00 


The same experiment was made also with prints of salted but- 
ter but no surface layer of deeper yellow and translucent color 
appeared. The butter of the entire print in each case remained 
uniform in color and retained its original color. The reason for 
this lies in the fact that the salt has already broken down the 
water-holding power of the curd and diminished the number 
and increased the size of the water droplets to the extent of giv- 
ing the butter a deeper yellow and more translucent color, and 
as the water evaporates on the surface, the concentrated brine 
and salt crystals on the surface cause more water from the inte- 
rior to migrate toward the surface to take its place. Hence the 
whole print remains quite uniform in composition and in color. 

Action of salt causes inigration of water and brine in butter. 
That there is such a migration of water in salted butter, and 
that a similar migration of water is not found in unsalted butter 
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is conclusively demonstrated by the results of the following 
experiment and shown by the accompanying photograph, 
figure 2. 

One print each, of salted butter and unsalted butter was 
submerged in a water solution of acid fuchsin. After several 
days the prints were removed and cut in two. The body of the 
salted butter showed a red coloration throughout, while the 
body of the unsalted butter had retained its original,' pure yellow 
color. 



Fig. 2 

XJnsalted Butter Salted Butter 

Both prints were immersed in a watery solution of fuchsin. The salted butter 
became permeated with a net-work of red coloration while the unsalted butter re- 
tained its original color. This illustration reprc.sents cross sections of the two 
prints through the center. 

The fact that the salted butter has a less compact body, and 
is, therefore, more prone to be leaky than unsalted butter, is 
well known. The accompanying photograph, figure 3, shows a 
typical microscopical fissure, as found in salted butter. These 
fissures are caused by the action of the salt on the curd, causing 
the emulsion to break, the fine droplets of water to run together 
and to fill the spaces between the butter granules with larger 
aggregates of liquid. Such fissures are not present in unsalted 
butter and unsalted butter does not become leaky. 
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Salt disturbs water-in-fat emulsion and, thereby causes mottles. 
It has been shown that salt causes the emulsion of water-in-fat 
to be less stable, due to its action on the casein, the emulsifying 
agent, and due to the great affinity of the salt for water. It 
remains to bo shown that it is this same action of the salt, 



Fig. 3. Showing Mickoscopic Fissuhes of Butter Under Low Magnification. 

Magnified 15 Times 

that is the cause of mottles. For this purpose the following 
experiment was conducted : 

1. Slabs of salted butter which was perfectly uniform in color, 
and slabs of unsalted butter, were placed in brine containing 25 
per cent salt, and held there over night. 

2. Slabs of the same salted and unsalted butter were placed in 
water, and held there over night. 
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Examination of the butter the following morning showed the 
following results: 


[ In brine — color unchanged, no inotl les 
Salted blitter ^In water^ — profuselj^ mottled with lighter colored 
[ dapples 

fin water — color unchanged, no mottles 
Unsalted butter-J In brine — profusely mottled with darker colored 
[ blotches 

Six sets of the above tests were made and the results were 
identical and very striking. The reason for these results is 
obvious. When salted butter is immersed in water we have 
two solutions of different concentrations, i.e., the concentrated 
salt solution-- the brine — in the butter, and tlui very dilute 
solution — the water — surrounding the butter. The brine, fol- 
lowing the physico-chemical law of diffusion of a solute, will 
migrate in part from the butter into the water surrounding the 
butter, where it will tend to make both solutions of equal con- 
centration. And the water surrounding the butter will, by 
osmosis and otherwise, migrate to the droplets in the butter of 
greater concentration, causing them to enlarge and become 
more dilute. This migration and interchange of liquids and this 
(ihange in concentration causes the less firmly held droplets of 
brine to run together, simultaneously exposing the portions of 
butter in which the more firmly held minute droplets are local- 
ized. And these portions, being opaque and of whitish color 
cause the appearance of light-colored, opaque dapples in the 
butter. 

In the case of the unsalted butter immersed in brine, again 
there are two solutions of different concentrations, the water in 
the butter and the brine surrounding the butter. Hence here 
too, because if their difference in concentration, there is migra- 
tion and interchange of brine and water, and in this case the 
result is the reverse of that of the salted butter in water. The 
brine acts upon the emulsion, causing a partial breaking down 
of the latter. It permits the more loosely held droplets of 
water in the butter to run together and to form large droplets of 
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brine. These larger droplets are formed at the expense of the 
smaller droj)lets and the thus formed localized sections of largc^r 
droplets give these portions a clearer and deeper yellow color 
and cause the appearance of the darker blotches, making the 
butter mottled. 

In the case of the salted butter immersed in brine the concen- 
tration of the two liquids — the brine in the butter and the brine 
surrounding the butter, is so near alike, that the tendency of the 
two li([uids to migrates is practically removed; there is no cause 
for interchange of liquids. The droplets of brine in the butter 
remain where the* working process has placed them, there is no 
change of color, and the butter does not become mottled. 

In the case of the unsalted butter immersed in water the 
situation is very similar as with salted butter in brine. There is 
only one liquid ; in this case it is the water, water in the butter and 
water surrounding it. Hence there is no cause for interchange of 
liquids, l^he droplets of water remain where the working pro- 
cess has placed them, there is no change of color, and the butter 
docs not becoiiK' mottled. 

Proper working of salted butter restores the water-in-fat emulsion 
sufficiently to prevent mottles. Having established the fact that 
salt when added to butter partly breaks the emulsion of water- 
in-fat, by its action on the curd and its affinity for water, causing 
an uneven distribution of large and small water droplets in the 
butter, and having demonstrated that small water droplets pro- 
duce an opaque and light color, while large water droplets pro- 
duce a clearer and deeper yellow color in butter, the next step 
was to determine the effect of working the butter, on the size, 
number, and distribution of the water and brine droplets. Or 
in other words, to what extent is the working process capable of 
restoring the water-in-fat emulsion that was disturbed by the 
action of the salt, and to thereby avoid the appearance of 
mottles in commercial butter. For when butter is uniformly and 
sufficiently worked mottles do not occur. 

For this purpose four churnings were made, using cream from 
the same vat for each churning. The amount, condition, and 
preparation of the cream is tabulated in table 2. 



92 


O. F. HUNZIKER AND D. FAY HOBMAN 


The churn used was a Disbrow D-2 Dairy Junior with solid 
glass end. It has one worker roll, working against an idler roll, 
which is located between shelf and worker. In this churn the 
butter is worked once only with each revolution of the churn. 
This churn has a listed capacity of 370 pounds of cream and 110 
pounds of butter. Two hundred pounds of cream were used for 
each churning, but even this amount overloaded the worker 

TABLE 2 
Churning record 


Total po^f ds of cream in vat 2050 pfounds 




ClfURNINOH 



No.l 

No. 2 

No. 3 

No. 4 

Pounds of cream per churning 

200 

200 

200 

200 

Per cent acid before neutralization 

0.65 

0.65 

0.65 

0.65 

Per cent acid before starter added 

0.235 

0.235 

0.235 

0.235 

Per cent acid at churn 

0.288 

0.270 

0.279 

0.290 

Pounds starter added 

30 

30 

30 

30 

Per cent fat in cream at time of churning 

33 25 

33 25 

33.25 

33.25 

Temperature of pasteurization for thirty 
minutes, ® F 

145 

145 

145 

145 

Cream cooled in vats to, ® F 

40 

40 

40 

40 

Held at 40® F, hours 

5 

5 

5 

5 

Churning temperature, ° F 

50 

49 

50 

50 

Held at churning temperature, hours .. . 

3i 

7 

lOJ 

14 

Minutes churned 

50 

77 

57 

62 

Temperature of buttermilk, ® F 

56 

54 

55 

56 

Temperature of wash water, ® F 

50 

51 

50 

50 

Pounds salt added 

3 3 

None 

3.3 

None 

Worked 

With drain open 

With drain closed 


somewhat, so that it required a few revolutions before the butter 
all went through the workers. 

The churnings were all stopped when the granules had reached 
the size of wheat grains. The butter was washed twice with 
about 160 pounds of water at a temperature a few degrees 
lower than that of the buttermilk (see table 2). 

Samples of the butter were taken at different stages of the 
working process — after working 6, 12, 18, 26, 34, 42, 66 and 120 
revolutions, for chemical analysis, for microscopical examinations. 
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and two prints were taken for future inspection of body and 
color. The results of these analysis, examinations and inactions 
are tabulated in tables 8 and 4. 

Table 4 shows that imder the conditions of operation, with 
properly chilled weam, amoimt of butter and tyi}e of water 
used, it required 34 revolutions of working before the salted 
butter stopped becoming mottled. (However in this small 
churn, smaller amounts of salted butter had been made which 
showed no mottles at all when worked only 28 revolutions.) 

No mottles appeared in the unsalted butter at any stage of the 
working process. This corresponds with the common experience. 
Unsalted butter does not show mottles because, the emulsion of 
the fine water droplets is not disturbed, it remains intact. 
There is no salt or brine or other agency present which causes 
a migration due to difference in concentration or has any effect 
upon the emulsion after the completion of the working process 
and while the butter is at rest. 

No mottles appeared in the salted butter at the chum. This 
too is in accordance with common experience. The reason for 
this lies in the fact that, even in incompletely worked butter the 
large droplets of brine are sufficiently uniformly distributed to 
cover up the small and findy dirided droplets of water and to 
give the entire body a uniformly deep ydlow and clear 
appearance. 

Mottles appeared in all incompletdy worked, salted butter in 
two days, because in this butter the fusion of brine and water 
was incomplete. Therefore, a diffusion took place of the salt 
from the more concentrated droplets to the less concentrated 
droplets. Also the water, by osmosis, enlarged the more con- 
centrated droplets imtil the salt solution throughout the butter 
became of the same concentration. This diffusion of the brine 
and movement of the water by osmosis partially broke down 
the emulsion in the butter at rest, causing localized aggregations 
of very minute and weQ emulrified droplets of water to be 
exposed and these portions showed themselves as opaque, whitish 
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♦ Golden — refers to golden yellow color, 
t Straw — refers to light straw color. 
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As the working process continued, the fusion of brine and 
water became more and more complete and their re-emulsifica- 
tion more and more thorough, until, at 34 revolutions, it was 
complete enough to prevent any further diffusion of salt, or 
migration and interchange of liquids in the butter at rest, and 
therefore made impossible the appearance of mottles. This 
condition is reached when the butter has been worked sufficiently 
to give it a tough, waxy and plastic texture. 

The entire series of samples of each churning showed a gradual 
gradation of color, the color becoming lighter and duller as the 

TABLE 4 


Per cent salt and moisture in butter at different stages of working process 


BKTOLTT* 

TZOBS 

VOBXSD 

CHUBNING I— SAl/rXD, 
DBAXNBO 

i 

CHUBNXNa XI— 
NOT BAX^rBD, 
DBAXXBD 

CHUBNIMO III — BAX/TBDt 
NOT OBAXNBO 

1 

CHOBNINO 
IV— NOT 
SALTBD, NOT 
DBAXNBO 


Salt 

Moisture 

Moisture 

Balt 

Moisture 

Moisture 


percent 

ptr cent 

percent 

percent 

percent 

per cent 

None 

0.00 

21.76 

20.84 

0.00 

22.16 

19.54 

6 

1.10 

14.14 

15.38 

1.17 

14.25 

14.77 

12 

1.11 

14.54 

14.92 

1.17 

14.44 

15.04 

18 

1.24 

14.97 

15.42 

1.19 

14.92 

15.83 

26 

1.16 

14.94 

15.97 

1.45 

15.73 

16.44 

34 

1.20 

15.06 

16.06 

1.52 

16.45 

16.91 

42 

1.18 

15.20 

16.24 

1.62 

17.09 

18.40 

66 

120 

1.26 

15.43 

16.36 

1.86 

2.38 

18.96 

22.78 

19.24 

21.42 


working process progressed. This was especially pronounced in 
the case of the salted butter, which at six revolutions had a 
bright, live, deep yellow and translucent color, while the un- 
salted butter had a straw color. The deep yellow color of the 
salted butter diminished with the continuation of the working 
process, and at 120 revolutions, the salted butter was practically 
as opaque and had as light a straw color as the unsalted butter 
at the beginning of the working process. This phenomenon is 
obviously due to the fact that at 120 revolutions the salted 
butter had been reduced to as fine an emulsion of water drop- 
lets in fat, as prevailed in the imsalted butter at the beginning of 
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the working process. And this fine emulsion with its multitude 
of minute brine droplets, bending the rays of light, made the 
butter look opaque and of a straw color. For corroboration of 
these facts see also the microscopic examination of the butter. 

It is interesting to note also in table 4, showing the per cent 
moisture at the different stages, that before working and salt- 
ing, the butter contained around 20 per cent moisture. During 
the first six revolutions of working the bulk of the loose water 
had escaped and from then on there was a gradual reincorpora- 
tion of this moisture until, at 120 revolutions, practically all the 
previously expelled water had been reincorporated in the butter. 
The decrease in moisture content during the first six revolutions 
of working was greater in the case of the salted butter than in 
th(^ unsalted butter, because of the action of the salt on curd and 
moisture. I'hese results fully corroborate the findings of 
Hunziker, Mills and Spitzer (5) and they demonstrate anew that 
moisture control is not so much a matter of incorporating ex- 
traneous water, as it is a problem of regulating the escape of the 
moisture that is originally present in the butter. 

Microscopic examination of butter. The most striking proof of 
the correctness of the preceding deductions concerning the rela- 
tion of the size and distribution of the water droplets in butter 
to mottles is represented in the results of the microscopic exami- 
nations of the butter from beginning to end of the working pro- 
cess, as shown in the accompanying photographs, figures 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 and 17. 

These examinations were made in accordance with the fol- 
lowing procedure: A small ‘‘dab^^ of butter was placed on a slide 
and a cover-glass was laid on this butter. With another slide 
the cover-glass was carefully pressed down. This made a thin 
film of butter between the first slide and the cover-glass. The 
darkfield illuminator was used, both for examination and counting 
and for taking photographs. It was fully realized that any 
count of the water droplets without a measurement of the thick- 
ness of the film can only be an approximation. But by counting 
only those water droplets that are in focus and appear as water 
droplets, the counts are necessarily limited to the water drop- 



98 


O. F. HUNZIKER AND D. FAY HOSMAN 



Fi(j. 4. Worked 0 revolutions. 
Mottled 


Flo. 5. Worked 12 revolutions. 
Mottled 



Fkj. 6. Worked 18 revolutions. 
Mottled 


Fio. 7. Worked 26 revolutions. 
Slightly mottled 


Microscopic View op Water Droplets in Salted Butter at Different 
Stages of Wohkino Process. Magnified 740 Times 
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Fkj. S. W'oikc'd 31 iwolutioiis. 


Fi(}. 9. Worked 12 revolutions. 
Not mottled 



Fkj. 10. Worked 66 revolutions. Not mottled 


MirRosr opic View of Water Droplets in Salted Butter at Different Stacjes 
OF Working Process. Magnified 740 Times 
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Fid. 11. Worked G revolutions. 
Not mottled 


i. 12. Worked 12 revolutions. 
Not mottled 



Fig. 13. Worked 18 revolutions. Fio. 14. Worked 26 revolutions. 

Not mottled. Not mottled 

Microscopic View of Water Droplets in Unsalted Butter at Different 
Stages op Working Process. Magnified 740 Times 
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Fio. 15. Worked 34 revolutions. 
Not mottled 


Flo. 1(). Worked 42 revolutions. 
Not mottled 



Fi(}. 17. Worked 66 revolutions. Not mottled 


Miciioscopic \iEW OP Water Droplets in Unsaltcd Butter at Different 
Stages of Working Process. Magnified 740 Times 
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Fi(j, 18. Whitish, opaque dap})les 



Fig. 19. Deep yellow, translucent blotches 

Microscopic View of Water Droplets in Light and Dark Dapples from the 
Same Print of Mottled Butter. Magnified 740 Times 
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lets situated in approximately the same depth of the film, 
thereby making possible comparable counts. This method 
proved successful in securing uniformity of results of duplicate 
examinations of the same sample and it is by this method that the 
coniparative counts of the water dro})lets per field were made on 
all samples of butter. 

TABLE 5 


(^otuits of u'atcr droplets in, nnrrosropir field and moisture conic nt of sailed and 
nnsalled halier at different stages of the working process 



( HI RNINC; T— BAI.TKn, 

ORMNED 

riHRMN'O 

11 — t’NS\L.TKD, DR\1NED 

Nt'MIlKR 

OF MFVOLUTIONS 

Water dio plots 


Water droplets 


WOKKl!.!) 

Total 

nunilior 

Duimeter 

above 

4 microtis 

Water 

Total 

number 

Diameter 
abo\ e 

4 microns 

Water 




per cent 



per cent 

() 

357 

S 

14 14 

820 

0 

15 38 

12 

232 

17 

14 51 

700 

0 

14 92 

18 

405 

12 

14 97 

750 

2 

15 42 

2(i 

455 

14 

14 94 

740 

5 

15 97 

34 

512 

8 

15 00 

8()0 

0 

16 06 

42 

572 

4 

15 20 

897 

1 

16 24 

m 

552 

9 

15 43 

970 

3 

10 30 


( Ht KMNi; HI hM^TFD, NOT WRAINED 

CHURNING IV — UNfeALTED, 

NOT DRAINED 

() 

r>i2 

S 

14 25 

735 

1 

14 77 

12 

450 

5 

11 44 

805 

9 

15 04 

IS 

002 

0 

11 92 

795 

5 

15.83 

20 

445 

10 

15 73 

050 

7 

10 41 

34 

100 

11 

IC) 45 

915 

0 

10 90 

42 

035 

8 

17 09 

1102 

0 

18 40 

m 

785 

s 

IS 9{) 

1090 

0 

19 24 

120 

977 

11 

22 78 

1025 

0 

21 42 


SalU^d butter has fewer and larger water droplets than unsalted 
butter. Further comparative microscopic examinations were 
made of miscellaneous salted and unsalted butter. In these 
examinations three groups of sizes of water droplets of each field 
were recorded, namely, (1) all visible water drophds below two 
microns in diameter, (2) all water above two and below 5 microns 
in diameter, and (3) all water droplets above 5 microns that are 
still in globular form. The results are shown in table 6. 
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The above results bear out the findings of the previous experi- 
ment. The water droplets in the unsalted butter are much 
more numerous than those in the salted butter and there is a 
greater predomination in the number of small droplets in the 
case of the unsalted butter, while in the salted butter there are 
more large droplets than in the unsalted butter. 

TABLE 6 


Number and size of water droplets in salted and unsalted butter 



NUMBER OF WATER DROPLETS 

SIZIS OF WATER DROPLETS 

Salted butter 

Unsalted butter 


Sample 

Sample 

II 

Aver- 

age 

Sample 

San^)le 

Aver- 

age 

Diameter less than 2 microns*. . 

430 

470 

450 

1050 

1270 

1160 

Diameter between 2 and 5 microns. . 

72 

54 

63 

94 

66 

80 

Diameter above 5 microns f 

C 

7 

7 5 

1 

0 

0 5 


* The smallest represents the smallest visible under a magnification of 740 
diameters. 

t The largest droi^let still in globular form was 1C microns 


TABLE 7 

Number and size of water droplets in deep yellow blotches and in opaque whitish 

dapples of mottled butter 


SIZE OF WATER DROPLETS 

NUMBER OF WATER DROPLETS 

Deep yellow 
blotches 

Light dapples 

Diameter less than 2 microns 

493 

1600 

Diameter between 2 and 5 microns 

80 

56* 

Diameter above 5 microns 

10 

0 


* Very few above 3.5 microns. 


White dapples of mottled hvMer contained multitude of minute 
water droplets and deep yellow Hotches of mottled butter contained 
fewer and larger water droplets. " jNext, microscopic examinations 
were made of the light dapples and deep yellow blotches of mottled 
butter taken^from the same package of butter, with the results 
shown in table 7. 
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The above figures and the accompanying illustrations, figures 
18 and 19, furnish most convincing additional proof of the fact 
already established by the foregoing results, that small water 
droplets give the butter an opaque, whitish appearance, while 
large water droplets or the absence of water droplets permit the 
butter to appear more nearly in the natural deep yellow and clear 
color of butterfat. And that, therefore, an uneven distribution 
of small and large water droplets causes butter to be mottled, 
the light-colored dapples appearing in those portions that harbor 
a multitude of exclusively very minute water droplets while 
the deep-yellow blotches represent portions in which there are 
fewer and larger water droplets. 

SUMMARY 

1. Mottles appear only in salted butter. 

2. Mottles appear in salted butter in which the working has 
been incomplete or lacking in uniformity. 

3. Large numbers of very minute water droplets cause butter 
to be opaque and of light color. 

4. The fewer and the larger the water droplets, the deeper 
yellow and clearer the color of the butter. 

5. Salt disturbs the emulsion of water-in-fat in butter, causing 
a reduction in number and increase in the size of the water drop- 
lets, and giving such butter a deeper yellow color than it had be- 
fore salting. 

6. Mottles do not appear at the churn because, even in incom- 
pletely worked, salted butter, there is a sufficient distribution of 
the larger droplets to hide the localized units of the small droplets. 

7. In incompletely or unevenly worked, salted butter, mottles 
appear about six to twelve hours after working. 

8. The late appearance of mottles in butter that is destined to 
become mottled, is due to the fact that in such butter the work- 
ing process did not accomplish a complete fusion and re-emulsion 
of the water and brine. When this butter is set at rest, an equal- 
ization or interchange of the brine and water sets in, owing to the 
difference in concentration between the different droplets. The 
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water, by osmosis, migrates from the droplets of low concentra- 
tion to those of greater concentration and vice versa, causing 
the droplets to become larger. This action results in a partial 
breaking down of the emulsion, liberating and eflFecting a running 
together of the less firmly held droplets and drops. This in 
turn uncovers and exposes to view sections containing a multi- 
tude of minute water droplets, which result in the appearance of 
opaque, whitish dapples on the one hand; and there is a deepen- 
ing of the color in those portions where, because of this running- 
together of water droplets, there are fewer and larger droplets. 
And the butter looks mottled. 

9. The proper working of butter brings about the necessary 
fusion of the water and brine and their re-emulsification removing 
the cause of mottles. 

10. In order to prevent mottles, butter must be worked suf- 
ficiently to accomplish this fusion and re-emulsification of water 
and brine. This point is usually reached, when the butter has 
been reduced, by working, to a plastic, tough and waxy body. 
The working must be uniform throughout the chum; overloaded 
workers and workers improperly set, loose or slipping, will not 
work butter evenly and are prone to produce mottled and wavy 
butter. 
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SUGGESTIONS REGARDING THE CONTROL OF 
MUNICIPAL MILK SUPPLIES^ 


H. A. HARDING and M. J. PRUCHA 

of Dairy Bacteriology ^ Department of Dairy Husbandry ^ University of 
Illinois 

In an earlier number of this Journal there appeared a report 
of the American Dairy Science Committee on Milk Quality (1) 
in which it was pointed out that everything really essential in 
milk quality was included under food value, healthfulness, clean- 
liness and keeping quality. 

Since the appearance of that report questions have arisen as 
to how far this view of milk quality may be related to the routine 
procedures in municipal milk control. 

So many suggestions have been received through friendly dis- 
cussions of this subject that it is practically impossible to present 
a paper without unwittingly appropriating the ideas of others 
while at the same time it might be embarrassing to attribute 
any formal expression to any particular friend who might in turn 
fail to recognize it or be loath to approve it exactly in the form 
it might be stated. Accordingly the situation will be best met 
if the reader will kindly give credit for anything which may seem 
good to friendly advisers while holding the authors responsible 
for anything with which he does not find himself* in agreement. 

There are many and complex problems even in the field of 
milk control. These arise partly because of the nature of milk 
problems and partly because of the varying natural and develop- 
mental conditions which exist in the wide stretch of territory 
included within our country. In the northern portions the pre- 
vailing temp>eratures are arctic and ice is almost too abundant 
while in the southern portions tropical temperatures rule and 
natural ice is unknown. Not only should these extreme con- 

^NoTB--After this manuscript was submitted there appeared N. Y. Agr. 
Exp. Sta. Technical Bui. 71. A method for the preliminary detection of ab- 
normal milks. This suggests the use of brom-cresol purple as an indicator. 
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ditions be considered but it is well to remember that the larger 
part of our most quoted milk regulations have developed in a 
series of cities lying in a narrow zone where natural ice in winter 
is the normal experience and the summer temperatures while 
high for a time do not unduly increase the temperature of the 
water available for cooling the milk. 

The developmental conditions are as varied as the climatic 
ones. In some of our cities efficient, constructive work with milk 
supplies has been in progress for more than a generation (2) 
exerting an influence upon both the conditions under which milk 
is produced and handled and upon the public appreciation of 
good milk. On the other hand in many of the other cities little 
or nothing in the way of mUk control has been seriously under- 
taken. Moreover the quality of the milk supply of the rural third 
of our population has received little consideration. When care- 
ful study is given to this latter phase of the question it will un- 
doubtedly be found that like the water supply the rural mUk 
supply taken as a whole is not equal in quality to that of the 
larger cities and is scarcely comparable with that of the smaller 
ones. 

In view of the fact that the milk supplies of at least three- 
fourths of our cities are at present imperfectly controlled it 
seems best to confine these suggestions to the more universal 
problems of milk control. It is frequently noted that a munici- 
pality in beginning the improvement of its milk supply often 
copies the regulations which have been developed in another city 
as the result of a long evolution. Such attempts to quicky 
attain perfection are rarely successful. There are certain qual- 
ities to be striven for in every milk supply. In any given region 
the order and method of attaining them will have much in com- 
mon. The detailed steps by which they may be attained in any 
community depends upon the local conditions and p>ersonalities 
involved (3). 

Official oversight of anything which comes into intimate touch 
with all the people can not proceed far in advance of public senti- 
ment. Accordingly attention must be given to the public mind 
regarding milk and the possibility of so directing milk improve- 
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ment as to increase intelligent interest in the subject. Progress 
is the logical result of the best elements in the situation working 
together. The tendency of the press to announce milk crusades, 
suspicion on the part of the rmlk men that the health officiab are 
not fair minded and the feeling on the part of the consumers 
that the milk is hopelessly bad are usually all to be met and 
overcome. 

If the more intelligent members of the community are asked 
to express in non-technical language their ideas regarding the 
characteristics of a good milk supply they will insist that it be 
such that they can use it without danger of disease, that it be 
fairly rich in cream, that it carry nothing offensive to the aes- 
thetic sense and that it remain sweet for a reasonable time after 
delivery. In short the consuming public desires a milk which is 
safe, rich, clean and sweet. Any system of control which they 
understand is striving to provide them with such an article tends 
to enlist their support. 

Most workers in milk improvement will insist that these are 
precisely the objects which they have had constantly in view. 
However, so long as their private and public statements are 
directed primarily toward minimum legal limits of composition, 
barn scores and bacterial counts, it is a fair question as to how 
much the public is to be blamed for not appreciating the con- 
nection between such things and the characteristics' of a milk 
supply in which the public is interested. 

Hoping thereby to make more evident the relation between 
the kind of milk which the public desires and the regulations which 
will assist in its production, milk regulations will be discussed 
under the headings of milk which is safe, rich, clean and sweet. 

SAFE MILK 

The safety of the milk supply can be guaranteed either by a 
supervision of the health of the cows and people concerned in 
its pro<|uction or by treatment of the milk itself. 

Tliere is a natural and widespread feeling that it is better to 
protect milk from infection than to free it from infection. Ex- 
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perience with ‘^certified’’ milk production has shown that a 
careful, periodic examination of the cows and people supple- 
mented by constant oversight will reduce the danger of contam- 
ination to low limits. On the other hand the expense incident 
to such a careful, frequent examination and oversight is so great 
that no large city has yet provided adequate funds for such super- 
vision of its milk supply. When properly done such a supervision 
entails an economic burden of some cents per quart. 

The other method of rendering the milk safe from the danger 
of carrying disease germs is positive pasteurization followed by 
protection from subsequent contamination. 

Positive pasteurization (4) is the process by which every por- 
tion of the milk so treated is heated to a temperature of 140° to 
145°F., held thereat for thirty minutes, and then cooled to a 
temperature of 50°F. or lower, the degree and time of heating, 
holding and cooling being invariably recorded by tested auto- 
matic device, the records from which are dated daily on removal 
from the device, and are checked at regular intervals by health 
authorities. 

Protection from subsequent contamination (5) means filling 
the milk, immediately after pasteurization and at the place 
thereof, in reasonably sanitary surroundings (having special 
reference to pure water supply, complete and safe disposal of 
human excreta, and control of fly prevalence), by healthy hand- 
lers, into clean and sufficiently steamed containers (205°F. for 
two minutes), which, having been machine capped (in the case 
of bottles), are stored at a temperature lower than 60°F. until 
delivered within twenty-four hours to consumers. 

Milk handled in accord with the above definitions of pasteur- 
ization and protection is justly entitled to be sold as Pasteurized 
milk. 

Pasteurization and later positive pasteurization was first intro- 
duced by milk dealers as an adjunct to their business and have 
later been generally accepted by health authorities for health 
purposes. 

The advantage of pasteurization lies in the fact that its close 
supervision is within the financial possibility of practically any 
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municipality and the efficiency of its protective action is corre- 
spondingly high. It has the advantage, particularly in a large 
milk business, of so reducing waste as to practically offset the 
pasteurizing expense, leaving little or no economic burden upon 
the milk. In the larger cities the requirement of positive pas- 
teurization results in such manifest improvement of the milk 
supply at so small an expense that the milk industry can be 
counted upon to support the movement. In the small cities and 
in the rural communities, where the expense incident to pasteur- 
ization become a tax upon the business, opposition to pasteur- 
ization requirements becomes more pronounced. 

An ideal protection of the milk would consist of a careful 
supervision of the health of the cattle and of the people concerned 
in its production and handling, coupled with a positive pasteur- 
ization and prevention of subsequent contamination. The least 
expensive, most easily attained, and most productive step in this 
direction is usually the requirement of positive pasteurization 
and protection from subsequent contamination. This should be 
accompanied by such further efforts at safeguarding the health 
of the cattle and of the people connected with the milk produc- 
tion as the circumstances will permit. 

RICH MILK 

The public purchases milk primarily as a food and quite uni- 
versally judges the richness or food value of the milk by the 
amount of cream. 

Because milk is peculiarly valuable as a source of materials for 
building and repair of tissue, and because it is the most readily 
available source of substances essential to the development of 
the young and the well being of the adult, any direct comparison 
between milk and other food substances on the basis merely of 
calories of available energy is distinctly unfair to milk. However 
the calorific content is a fair and convenient basis for comparing 
one normal milk with another. 

A study of the composition of milk as shown by samples col- 
lected in the open market gives somewhat variable results because 
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many of the samples so taken are from milk whose composition 
has been altered. A compilation of the results of analysis of 
milk of known purity shows quite accordant results. Table 1, 
taken from Circular 235 of the Illinois Agricultural Experiment 
Station (6), shows the progressive increase in net calorific energy 
per quart in normal milks ranging from 3 to 7 per cent in fat 
content. 

From table 1 it is seen that a normal 3 per cent milk furnishes 
slightly less than 550 calories while a 4 per cent milk furnishes 
slightly more than 660 calories per quart. This variation in 
fat content is well within the range ordinarily found upon our 
local markets. However, if the 3 per cent milk is retailing at 
16 cents per quart, on the basis of food value the 4 per cent milk 
is then worth 18 cents per quart, or put in another way, if a 
workingman should adopt a strictly milk diet and get his 3000 
calories per day solely from miUc he must drink practically a 
quart extra per day in getting this amountof energy from 3 per 
cent milk. 

As the fat content of our local milk supplies retailing at the 
same price, particularly in the smaller and medium sized cities, 
ranges from 3 per cent to 5.5 per cent, it is important that the 
consumer be advised of the importance of more carefully consid- 
ering food value in buying milk. A requirement that bottled 
milk be labeled as to its fat content is probably the surest way of 
getting accurate information on this subject to the consumer. 
With this should go the requirement that the fat content of the 
milk should always be up to the statement on the bottle. 

While these statements lay stress upon the desirability of rich 
milk when all is selling at the same price, the fact [^ould not be 
overlooked that all safe, clean, sweet milk is a peculiarly valuable 
food. Practically one-half of the food value of a normal milk 
remains after the fat has been removed and an increase in the 
use of safe, clean skim milk should be encouraged provided it is 
sold with a clear imderstanding that it is skim milk. 



CONTROL OP MUNICIPAL MILK SUPPLY 


113 


TABLE 1 


Energy values of milks 



* In computing these values, 977 grams has been used as the weight of one 
quart of milk. This is the weight of a quart of milk of specific gravity 1.0323, or 
nearly the average specific gravity of milk. The use of the minimum or maxi* 
mum limits of specifie gravity of normal milk (1.029-1.036) would change the 
values so slightly as to be negligible in so far as the purpose of this circular is 
concerned. 
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CLEAN MILK 

The public uniformly demands and should have clean milk. 
There is, however, some difference of opinion as to what should 
be considered as dirt in milk. Some hold that it will simplify 
public consideration of milk problems and ordinances to consider 
the term dirt in milk as applying to such foreign matter as would 
ordinarily be covered by that term; while others hold that the 
bacteria, being in general objectionable, should also be considered 
as dirt. 

Much can be said in favor of the latter conception but under it 
one is at once confronted by the fact that bacteria are always 
present even in the best of milk and in the hands of the consumer 
their numbers vastly increase. The consumer is slow to under- 
stand when told that all milk is dirty and that even under his 
most careful handling it rapidly becomes more dirty. The en- 
thusiastic advocates of sour milk drinks also resent the impli- 
cation that they are urging the use of dirty milk. 

Administratively considered the means available for detecting 
the presence in milk of dirt, in the ordinary meaning of that term, 
and of bacteria are entirely different. Therefore, the inclusion 
of dirt and bacteria under one official heading makes for confusion 
rather than clearness in administration. Accordingly it would 
seem wiser that bacterial relations be considered in connection 
with keeping quality of milk and that dirt be considered as apply- 
ing to such foreign matter in milk as would be ordinarily covered 
by that term. 

It is regrettable that the conditions under which milk is pro- 
duced make it inevitable that some dirt will find its way into 
milk. Under what would be considered exceptionally dirty con- 
ditions the total amount of dirt falling into the milk during the 
act of milking is rarely more than 10 mgm. per quart or 10 parts 
per million of the milk. Under ordinary conditions it amounts 
to less than one-half of this total. 

The material falling into the milk is practically all dry and 
highly insoluble. Accordingly when later removed by mechan- 
ical means it leaves few traces of its former presence. While 
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this is highly desirable from the standpoint of the milk it is in 
a way unfortunate from the standpoint of official supervision. 

The traces left by the dirt removed from the milk are the 
soluble portion and the bacterial life. 

The soluble portion is certainly less than ten per cent of the 
total dirt; thus under all* ordinary conditions this soluble portion 
would amount to considerably less than 0.5 mgm. per quart or 
one-half part per million of the milk. This amount is so small 
that thus far means for its official determination are lacking. 

Much significance is usually ascribed to the bacterial life car- 
ried by the dirt falling into the milk. This impression arises 
largely from the distinctness with which the dirt stands out 
against the white background of the milk, and the consequent 
erroneous estimate regarding the total amount of dirt involved. 
Assuming that 10 mgm. of dirt fall into each quart and that each 
gram of this dirt carries 1,000,000,000 germs the germ content 
of the milk would be thereby increased by 10,000 bacteria per 
cubic centimeter. It should be remembered that these estimates 
both of the amount of dirt and of the germ content which it carries 
are liberal and that under average dairy conditions the germ life 
which milk receives along with the dirt falling into it is undoubt- 
edly below 10,000 per cubic centimeter. 

The above discussion of dirt concerns itself with the dirt falling 
into the milk during the act of milking because practically all of 
the foreign matter ordinarily designated as dirt usually enters 
the milk during the milking process. 

Investigations have shown that practically all of the germ 
life introduced into the milk comes from the utensils. It is a 
natural supposition that this germ life upon the utensils must 
live upon some organic substrate and that this substrate enters 
the milk along with the germ life. It is undoubtedly true that 
occasionally dirty utensils are used in the handling of the milk. 
However, the effect of the use of such utensils upon the keeping 
qualities of the milk is so evident, and the keeping quality of the 
milk is so important commercially that such practices are self 
limiting. As a result the utensils employed in the milk industry 
would ordinarily on physical examination be pronounced clean, 
the shipping cans being perhaps the most frequent exception. 
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Against imdesirable conditions and practices in the matter of 
utensils, the present available protection lies either in a deter- 
mination of the germ life introduced into the milk, or in a deter- 
mination of the effects of this germ life upon the keeping quality 
of the milk. Both of these will be discussed under the succeeding 
heading. 

It has already been stated that while the soluble dirt in milk 
is slight in amount, no means for its direct measurement are 
available. The well known sediment test furnishes a simple 
means of determining the amount of insoluble dirt present in the 
milk , and this test can easily be made so as to give quite accurate 
quantitative results. As measured by this test the insoluble dirt 
in the milk as delivered to the consumer rarely exceeds one part 
per million of the milk and ordinarily is less than one-half of this 
amovmt. As delivered to the consumer, milk is ordinarily one of 
the cleanest foods. 

An ordinance is both desirable and enforceable which requires 
that milk as delivered shall not contain more than some reason- 
able minimum of foreign matter, the exact limit being based upon 
a study of the local supply. 

SWEET MILE 

One of the most evident factors in the milk situation is the 
desire of the public for a milk supply which is not only sweet 
at the time of delivery, but which with ordinary care will remain 
sweet during at least twenty-four hours after it reaches the 
consumer. 

This desire arises in part from the attractiveness of sweet milk 
as contrasted with the disagreeable flavor of milk in the early 
stages of souring. It also rests upon the conviction that the use 
of milk of poor keeping quality is intimately associated with 
intestinal disturbances of children. 

The changes which take place in milk during the first twenty- 
four hours after delivery are almost exclusively the result of 
bacterial action. Consequently the problem of keeping quality 
is a problem of bacterial control. 
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The bacteria in milk are derived from two sources, first, direct 
introduction and second, growth. In the smaller cities where the 
milk is delivered within a few hours after being produced, the 
germ life in the milk as it reaches the consumer results almost 
exclusively from direct introduction, mainly from the milk uten- 
sils, to a far less extent from the udder flora and from added 
foreign matter. In the larger cities or where milk is not delivered 
until the lapse of twenty-four hours or more, growth may be- 
come the predominating source of bacterial life, the amount of 
growth being determined by the time and temperature factors. 

The problem of the control of the municipal supply is com- 
plicated by the fact that both of these growth factors remain 
operative after the delivery of the milk and a very considerable 
part of the diflSculty with keeping quality results from the high 
temperatures to which milk is exposed after it reaches the con- 
sumer. That good milk kept at blood heat will sour within 
twenty-four hours is a matter of common knowledge; but that 
keeping it at 70°F. for twenty-four hours will vastly increase its 
germ content, if it does not produce evident souring, is not ordin- 
arily appreciated. Moreover few know how commonly in hot 
weather the family refrigerator attains a temperature of 70®F. 

Much misapprehension also exists regarding the relation of 
pasteurization to keeping quality. The heat of pasteurization 
destroys not only the pathogenic germs present in the milk, but 
also reduces the number of the non-pathogenic germs more than 
98 per cent. The number of the latter which survive is, however, 
roughly proportional to the number present before heating. Ac- 
cordingly as a means of minimizing the action of bacteria upon 
milk, both before and after pasteurization, there is much to be 
said in favor of establishing fair standards for milk about to be 
pasteurized. Following the heating process the milk is exposed 
to various utensils including the bottles in which it is finally 
placed. It not infrequently happens, especially in connection 
with unsupervised pasteurization, that pasteurized milk has no 
better keeping quality than the raw milk which was originally 
pasteurized. In such cases its claim of better quality rests solely 
upon the fact that in it the probability of the presence of patho- 
genic germs has been removed. 
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The problem of simple and applicable standards of keeping 
quality is one regarding which the students of the question are 
much divided. The most commonly considered standard is that 
of bacterial content. Evidently the correct bacterial standard for 
milk about to be delivered to the consumer would be such that 
at the end of twenty-four hours the milk would still be in an 
essentially unchanged and satisfactory condition. There is as 
yet no agreement as to the numerical content below which such 
keeping quality would uniformly result though 1,000,000 per 
cubic centimeter has been suggested as a limiting figure. 

A very real difficulty in the enforcement of bacterial plate 
count standards of keeping quality is the lack of laboratory pro- 
vision for making such bacterial counts. However the making 
of these counts may be much simplified by using the “little 
plate” method devised by Frost (7). 

In view of the simple methods now available for measuring 
the other elements of milk quality an equally simple method for 
measuring keeping quality is especially desirable. 

A suggested standard of keeping quality which combines dir- 
ectness and simplicity consists in holding the milk in question for 
twenty-four hours at some determined temperature, as 60® or 
65®F., before examination. Such examination may consist of 
smelling and tasting or it may be extended to include titration 
for acid and microscopic determination of the germ life. 

Hastings (8) has recently revived interest in the reductase test 
and there is the possibility of using it in the measurement of 
keeping quality. 

Either of these suggested forms of standard has the merit of 
being more simple, giving results quicker and adapting itself more 
readily to local conditions than any available bacterial standard 
which can be applied to pasteurized milk with the possible ex- 
ception of the “little plate” method of Frost. 

PRESENT MILK SITUATION 

From the preceding presentation it is evident that there are 
now available well established methods by the use of which the 
desirability of a bottle of milk can be directly determined with 
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regard to all the elements of quality except healthfulness and this 
may be reasonably guaranteed by a fairly simple system of milk 
plant inspection. 

A good municipal milk supply is positively pasteurized and 
protected from later contamination, carries a record of its fat 
content upon each bottle and is true to label, has a dirt content 
below some reasonable minimum and will remain sweet and in 
good condition for twenty-four to forty-eight hours after delivery. 

Simple and reasonable as these standards may seem there are 
few if any municipal milk supplies which fully comply with them. 

In the larger cities the requirement of positive pasteurization 
is generally enforced but the precautions against later contamin- 
ation are in most instances only fairly well or poorly observed. 
In the medium sized and smaller cities even pasteurization is 
frequently lacking and the milk supply is correspondingly unsafe. 

Not only is a record of the richness of the milk upon the bottle 
caps lacking in practically all cities but the composition of a 
very considerable fraction of the milk now retailed in these cities 
is not fully up to their present minimum legal limits. 

The cleanliness of the milk now delivered in practically all 
cases is so nearly satisfactory that if attention was specifically 
directed to the exceptions they would undoubtedly rapidly dis- 
appear. 

The keeping quality of the general milk supply is ordinarily 
good except for the warmer portion of the year when trouble is 
often experienced both with raw and with pasteurized milk. In 
the latter case the trouble is usually due to a failure to provide 
adequate protection from seeding with bacteria after pasteur- 
ization. 


ORDER OF IMPROVEMENT 

Healthfulness is at once an extremely important element of 
milk quality and at the same time the one which the consumer 
can rarely determine for himself. Accordingly a requirement 
that all milk shall be safe is the first object of milk control. 
Since tuberculosis is probably the disease most commonly spread 
through milk, in small commimities the attempt will often be 
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made to safeguard the milk by inpistiucf nnon the health of the 
cows. In practice, this procedure will be found both expensive 
and difficult of satisfactory supervision and at best is only a 
partial solution of the problem of healthfulness. Spreading from 
the larger to the smaller communities there is a growing agree- 
ment that the first logical step in the protection of a milk supply 
is to reqxiire positive pasteurization and protection from subse- 
quent contamination. 

Reasonable standards of cleanliness are acceptable to all par- 
ties and present no particular difficulties in enforcement. 

The rapidly growing interest in the question of milk standard- 
ization leads natiu-ally to the requirement that each bottle carry 
a statement of its richness. When the facts are thus presented 
to the consumer on every package he will establish through his 
purchasing preference a prevailing composition of milk for each 
market. 

In the past the sharpest conflicts of opinion have centered 
around standards of keeping quality. Much of the anxiety at 
this point is needless because the consumer quickly notes and 
resents any lack of this quality and the retailer appreciates that 
if the milk does not remain sweet his customer wiQ be lost. The 
bacterial count, the time and temperature test and the reductase 
test may be successfully used in milk control provided they are 
applied with fairness and common sense. 

CONCLUSIONS 

It is the aim of this paper to point out that the milk consumer 
is primarily interested in the richness, safety, cleanliness and 
sweetness of his milk supply. Accordingly organizing the official 
municipal control so as to determine the food value, healthful- 
ness, cleanliness and keeping quality will furnish the consumer 
with precisely the information desired regarding the milk. This 
information may be obtained accurately and with a minimum of 
expense through an inspection of milk plants coupled with the 
application of simple and well established tests to bottles of milk 
as they are delivered to the consumer. 
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THE CAUSE AND CONTROL OF “BUTTONS” IN SWEET- 
ENED CONDENSED MILK 

L. A. ROGERS, A. O. DAIILBERG and ALICE C. EVANS' 

Rcf^carch Lahoratoy of the Dairy Division ^ Bureau of Animal Industry 
United Slates Department of Agriculture 

The so-called “buttons” which are occasionally found in con- 
densed milk are reddish-brown masses of curd, usually regular in 
their outline and resembling, as their name indicates, a button in 
general appearance. The consistency is cheesy and is sufficiently 
firm to allow them to be removed from the surface of the milk 
on which they float and to be washed free of the thick milk. 
They may be as small as I inch in diameter, but the typical button 
has a diameter of about i inch and may be as large as | inch. 
This description does not apply to the reddish lumps which are 
sometimes observed in cans sealed with solder. These are caused 
by drops of flux which are sometimes forced through so that a 
small amount of the material gets into the milk, producing a dis- 
coloration and a lump of curd. These can be usuaDy distinguished 
from the real buttons by their irregular shape and softer consis- 
tency. 

The general appearance of well developed buttons is shown in 
plate le. They are known to occur only in sweetened milk, and 
are found in both skim and whole milk, and in stored bulk goods 
as well as in the canned product. We have no data on the extent 
of the trouble or the amount of damage it causes, but it is evi- 
dently something which may occur in the product of any factory 
at any season of the year. 

The milk itself is not seriously injured either in flavor or In 
food value, but the appearance of the can when op>ened is objec- 
tionable and would cause its rejection as foiled by most con- 
sumers. 

' The authors are indebted to Mr. F. R. Evans and Mr. E. F. Deysher for as- 
sistance in preparing milk used in inoculation eiqieriments. 
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“buttons” in sweetened condensed milk 

THE CAUSE OP BUTTONS 

Buttons are usually supposed to be caused by molds; in fact, 
it is not unusual in the industry to refer to them as “mold but- 
tons.” So far as we know, however, there is no record prior to the 
experiments here described of any actual proof of connection be- 
tween mold growth and the buttons. 

Sometimes a slight fuzzy appearance may be observed on the 
surface of a button, and microscopic examination not infrequently 
reveals mold-like hyphae on the surface or in the interior of the 
button. On the other hand inoculations from the buttons to 
media suitable for the propagation of molds usually fails to pro- 
duce any growth. This is probably due to the age of the material 
usually available for this purpose. The knowledge that canned 
milk contains buttons ordinarily comes only when the defective 
milk is returned by the dealer. 

An outbreak of the trouble in a factory under our control gave 
us an opportunity to secure an abundant supply. By opening 
cans of various ages we were able to secure buttons in different 
stages of development, from simple mold colonies to typical but- 
tons from which all evidence of the mold had disappeared. Prom 
the early stages of these buttons we obtained mold cultures which 
in controlled inoculation experiments produced typical buttons. 

In these experiments considerable difficulty was experienced in 
controlling the conditions so that all of the uninoculated checks 
were free from mold colonies, and many of the earlier sets were 
invalidated for this reason. Even in miUc condensed and cooled 
in flasks with all the usual precautions against infection many of 
the check cans would show mold colonies and thus render any 
conclusions of doubtful validity. This difficulty was finally over- 
come by transferring the condensed milk to small Erlenmyer 
flasks which had previously been cotton-plugged and dry-sterilized. 
The milk in these containers was carefully heated in a water-bath 
to a temperature of 60°C. (140°F.) and held for thirty minutes. 
In this way the mold spores were destroyed without seriously 
affecting the physical condition of the milk. After inoculation 
from agar cultures the cotton plugs were replaced with sterile 
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rubber stoppers which were sealed in with a rubber cement used 
successfully in high-vacuum work. It is very essential that the 
supply of air be limited to that contained in the small space be- 
tween the milk and the top of the container. 

A typical example of an e3g)eriment of this kind is given in 
table 1. In this case six uninoculated flasks were held as checks 
and six were inoculated with a culture obtained from a tjrpical 
button which had been identified by Miss Church of the Bureau 


TABLK 1 

Results of examination of condensed milk in sealed flasks inoculated with Aspergillus 

repens 


DATS 


RBBTJIiTB 


Inoculated flasks 


5 

8 

10 

12 

26 

31 

74 


Three flasks have small mold colonics 

Four flasks have well developed sporulating colonies 

Fifth flask has 2 small colonies 

Opened one flask and made agar culture 

Colonies beginning to show reddish yellow color 

All colonies have distinct reddish color 

Five of six flasks have reddish colonies from which nearly all hyphae 
have disappeared. Characteristic buttons, but not so thick nor so 
sharply defined as typical buttons found in old cans 


Check flasks 


74 


Clean white surface. No mold colonies or buttons 


of Chemistry as Aspergillus repens. These flasks were all held 
in a dark locker at room temperature. 

The culture obtained on the twelfth day was foimd to be iden- 
tical with the inoculated organisms. 

From this and many other observations of a similar nature we 
may conclude that the button is due to the growth of a mold 
colony on the surface of the milk. It is apparent that the life 
the mold is short and that the button is in the natiue of a by- 
product of the growth itself. * The button is made by a hardening 
the casein, probable through enzym action, and continues to 
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develop after the mold colony has ceased to grow. We have often 
observed that when there is a leak in the can, even the most minute 
pin hole, the growth of the mold continues until the surface of 
the milk is covered with a felt-like growth. Under these condi- 
tions there can be no true buttons formed. In perfect cans, ob- 
servations which will be reported elsewhere lead us to believe that 
the oxygen is almost if not quite used up in about two weeks. 
Since the molds are strict aerobes, growth must cease before this 
time. The mold hyphse slowly disintegrate until in the old and 
typical button all evidence of the mold colony has disappeared. 

The development from a mold colony just beginning to form 
spores to a button giving no indication of mold growth is shown in 
plate 1. The time required for the developemnt of the various 
stages shown in these photographs probably varies with the tem- 
perature, amount of air available, and possibly other factors. 
The mold colony usually appears in five to ten days. Growth 
probably ceases in two to three weeks on account of the exhaustion 
of the air. In one month the reddish-brown discoloration is quite 
evident and at the end of two months the button has usually 
assumed definite form. The disintegration of the mold hyphse is 
a slow process and may not be complete before 5 or 6 months. 
The photographs shown in plate le were taken when the milk 
was 9 months old. 

Molds of various species obtained from different sources, par- 
ticularly empty condensed-milk cans, have been used in inocu- 
lation experiments, and while most of these have grown fairly 
well on the condensed milk and some have produced discolored 
spots, Aspergillus repens is the only one known to produce typical 
buttons. It is not impossible that other molds may produce 
buttons under favorable conditions, but the frequency with which 
we have isolated Aspergillus repens from buttons and om* failure 
to produce buttons with others lead us to believe that this mold 
is the usual if not the only cause. 
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Exdvsim of contamination. The molds and their spores are 
killed at a comparatively low temperature. According to Thom 
and Ayers* the spores of nearly all species of molds are killed by 
thirty minutes exposure to moist heat at 140°F., while the same 
exposiu^ to 145°F. killed the spores of all but three of the large 
number of species tried. Aspergillus repens was one of these 
three, but the statement is made that the three molds surviving 
are found only occasionally in milk. They would probably be 
killed by the temperature of the vacuum pan, and most certainly 
by the forewarming. The contamination, then, comes between 
the pan and the can sealer. 

Mold spores are very light and float in the open air even more 
readily than bacteria, but the moist air and clean walls and floors 
of the better plants are probably quite free from molds. The cans, 
however, are exposed to dust at various stages of their manufac- 
ture and shipment, and are almost always used without any at- 
tempt at sterilization. It might be expected that practically 
every can would be contaminated with button-forming molds, but 
the freedom of the greater part of condensed milk from buttons 
indicates that the can is not a serious source of contamination. 
Although we have examined a large munber of cans, we have not 
isolated Aspergillus repens in a single instance. 

The factory in which these experiments were made is so arranged 
that it was difficult to protect the condensed milk from mold in- 
fection. The pan was located in an open space extending from 
the second floor into an attic used for storage purposes. Not- 
withstanding these unfavorable conditions, by exercising unusual 
precautions we were able to protect the milk from contamination 
during the cooling and filling, and produce milk entirely free from 
buttons. It is probable that in properly constructued plants 
preventive measiues of this kind will be sufficient to insure a 
high degree of freedom from buttons. 

* Effect of pasteurization on mold spores. Jour. Agric. Res., vi, 153-166. 

1916 . 
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Low ^empt ... It is always possible by low-temperatiire 
storaee to inhibit changes brought about by microorg anism s. 
Many molds grow slowly at reduced temperatures even in re- 
frigerators held near the freezing point, provided moisture and 
other conditions are favorable. However, the mold which we 
have found producing buttons grows very poorly at temperatures 
of 20°C. (68®F.) or lower. We have never observed buttons on 
milk held at 20“C. or below. It is hardly practicable under 
commercial conditions to store the finished product for any length 
of time in cold storage, and this method can not be considered 
as a solution of the problem. 

Exclusion of oxygen. Buttons may be entirely and certainly 
prevented by taking advantage of the fact that molds grow only 
where a liberal supply of oxygen is available. This has been dem- 
onstrated by holding condensed milk in glass flasks sealed while 
under a vacuum and also in cans sealed while held in an evacuated 
bell jar. In this latter experiment baby-sized cans were filled 
with condensed skim milk containing 26 per cent milk solids from 
which the air had been partially removed by allowing the milk to 
flow slowly into a large flask held under a vacuum of about 27 
inches. After fiUing, the milk was inoculated from agar cultures 
of Aspergillus repens and the cap soldered on, the vent being left 
open. 

The cans were placed, one at a time, under a bell jar connected 
with a manometer and a vacuum pump provided with stop cocks 
which made it possible to maintain the vacuum at any desired 
point. When the vacuum had been maintained at the prede- 
termined point for about a minute the vent was sealed by means 
of an electric soldering iron so arranged that it could be operated 
without breaking the vacuum. These cans were held at room 
temperature, and two cans from each lot were examined at the 
end of two months. The results of this examination are given in 
table 2. 

A better idea of the general appearance of this milk is given in 
plate' 2. The discoloration shown in the upper part of the can 
sealed under a 20-inch vacuum was probably caused by the 
flux used in soldering the cap. YThile this photograph shows that 
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the growth of mold was entirely prevented by a vacuum of 20 
inches it fails to bring out the remarkable difference in color pro- 
duced probably by some chemical change to which oxygen is 
essential. The cans sealed vmder atmospheric pressure had a 
comparatively thin layer of a dirty yellowish appearance. On 
the other hand the cans sealed imder a vacuum of 25 and 26f 
inches preserved the original appearance of the freshly condensed 
milk. Between these extremes were gradations in color in direct 
relation to the extent of the exhaustion of the air. 

The perfection of a machine which would seal cans under 
vacuum on a commercial scale would make it possible, excluding 


TABLE 2 

The condition of condensed milk sealed under vacuum 


PRBBBUBB 

WHBN 

BBALBD 

CONDITION or BUXtFACB 

COLOR or BORrACB or 

MILK* 

inche» 

Atmos- 

pheric 

Small half-developed buttons 

Pale orange yellow 

10 

Very small buttons; one can has well devel- 

Warm buff 

15 

oped button on margin 

3 or 4 small, half-developed buttons; one has 

Maize yellow 

20 

slight discoloration and undeveloped mold 
colony 

Small discoloration on margin of one can 

Naples yellow 

25 

No mold or discoloration 

Cream color 

26} 

No mold or discoloration 

Cream color 


* According to Ridgeway's standard colors. 


leaking cans, to entirely eliminate buttons or other defects due 
to the growth of molds. It is possible also that changes produced 
by oxidation would be materially reduced. 

BUMMABT 

“Buttons” are hard, reddish-brown lumps of curd occurring on 
sweetened condensed milk. 

They are caused by the growth of Asp«:gillus repens and pos- 
sibly other molds. The development of the mold colony is re- 
stricted by the exhaustion of the oxygen in the can and the button 
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itself is probably due to enzym action continued after the death 
of the mold. 

Molds are destroyed in the process of condensing milk, and the 
contamination causing buttons occurs after the milk leaves the 
pan. Careful attention to sanitation of the plant, expecially pro- 
tection against dust, should be effective in excluding the greater 
part of the contamination. 

Buttons do not develop in milk held at 20®C. (68®F.), but cold 
storage is probably not practicable under commercial conditions. 

Molds do not grow in an atmosphere deficient in oxygen, and 
sealing the cans under a vacuum of 20 inches or more is an effective 
means of controlling buttons. 
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PLATE 1 

Fig. la. Showing Two Mold Colonies just beginning to Spokulatb 
Fig. lb. The Milk is Slightly Discolobed under the Mold Colony 
Fig. Ic. The Color is Deeper but the Mold is still very Evident 
Fig. Id. The Discoloration is more Marked, the Button is Thicker so 
THAT IT IS Slightly Elevated above the Surface op the Milk, and the 
Mold is Disappearing 

Fig. le. Typical Buttons of Different Sizes from which all Signs of 
Mold have Disappeared 
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PIJVTE 2 


Effect of Air on the Development of Buttons and on the Color of 
THE Milk. 

The Dark Si’ot on the (Un Sealed under a 20 inc h Vacuum was Proharly 
Caused by Flux Used in Sealin(; the C/AN. 
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CORRECTION FOR VOLUME OF PRECIPITATE IN THE 

polarimei’rk; detiormination of lactose 

IN MILK 

A. E. PERKINS 

Dairy Chemical Lahornloryj Ohio Agricult aroX Experiment Station^ Woofitcrj Ohio 

For many years the official method of the association of Official 
Agricultural Chemists for the polarimetric determination of lac- 
tose in milk (1), which is widely used for this purpose, has called 
for the dilution of the samples to 102.6 (5c. for polarization in 
instruments equipped with the Ventzke sugar scale. 100 cc. 
is the volume of liquid on which polarimetric determinations 
are based. The additional 2.6 cc. dilution is doubtless intend('d 
as a correction to offset the volume occaipied by the precipitat-c'd 
fat and protein in the 66 ((>5.96) grams of milk taken as th(' 
sample. 

According to Richmond (2), the specific gravity of milk fat is 
0.93 and of the milk proteins 1.346, and the corn^sponding spe- 
cific volumes are fat 1.075 and proteins 0.743. 

Leffman (3) assigns the value 1.076 and 0.8, respectively, as 
the specific volume of the precipitated milk fat and milk protein; 
and suggests their use in calculating the ac^tual volume of tlu^ 
precipitated fat and proteins in correcting the polarimetric read- 
ings. 

There are on file in this laboratory several hundred determina- 
tions of lactose, in securing which the volume of dilution was 
taken at 100 cc. and a correction applied, using Leffman^s figures 
for the specific volume of the milk fat and milk protein and the 
percentage of each as actually determined in the respective 
samples. 

Following are the formulae and conditions used in this con- 
nection: 
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Readings taken on Ventzke sugar scale 


Weight of milk sample taken 66 (65.96) grams 

Dilution of precipitated sample 100 cubic centimeters 

Length of observation tube 200 millimeters 

Observed rotation corrected for blank reading of formula 

Specific volume of milk fat 1.075 

Specific volume of milk protein 0.8 


Per cent protein 6.38 times per cent total nitrogen 

Volume of precipitate V is 66 (1.075 times per cent fat, plus 0.8 times 
6.38 times per cent nitrogen) whicn is, 0.71 times per cent fat plus 
0.34 times per cent nitrogen 


Per cent lactose = 


— times 
2 


100 - V 
100 


The determinations of fat were made in duplicate according 
to the Babcock volumetric method and the nitrogen was deter- 
mined by the Gunning-Arnold modification of the Kheldahl 
method. 

The percentage of fat and of total nitrogen and the volume 
occupied by the fat and protein, as calculated for 100 of our 
samples are shown in detail in table 1. By substituting this 
value in the formula it will be readily apparent that when the 
fat content of the milk exceeds 3.66 per cent, the volume it alone 
will occupy is greater than 2.6 cc., the total correction called for 
in the official method. In every one of the 100 samples studied 
at this time the combined volumes of the fat and protein ex- 
ceeded the 2.6 cc. correction. The smallest discrepancy 0.6 cc. 
occurred with sample H 223, and the largest 5.53 cc. with sample 
H 18. The average discrepancy was 2.59 cc. This means, as- 
suming the correctness of the factors used in the calculation, that 
an average error of 0.13 per cent would have been made if the 
official method had been followed in determining the lactose in 
these samples. The value 0.93 for the specific gravity of butter 
fat used in these calculations agrees very closely with the pub- 
lished figures of other authorities. Few figures regarding the 
specific gravity or specific volume of the milk proteins are avail- 
able. Using Richmond’s value of 0.743 as the specific volume of 
the milk proteins instead of 0.8 as proposed by Leffman (3) and 
used in computing table 1, the calculated volume of the precip- 
itates would be reduced by amounts ranging from 0.1 to 0.2 cc. 
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TABLE 1 
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TABLE Continued 


SAMPLE 

NUMBER 

FAT 

TOTAL N 

VOLUME FAT 

VOLUME PRO* 
TEIN 

BUM OF VOLUME 
OF FAT 

AND PROTEIN 

H 128 

per cent 

3.25 

per cent 

0.425 

cc. 

2.31 

CC. 

1.45 

3.76 

H 129 

5.95 

0.596 

4.22 

2.03 

6.25 

H130 

3.7 

0.469 

2.63 

1.59 

4.22 

H 131 

3.1 

0.426 

2.20 

1.45 

3.65 

H 132 

5.35 

0.645 

3.80 

2.19 

5.99 

H 133 

5.2 

0.571 

3.69 

1.94 

5.63 

H134 

3.2 

0.435 

2.27 

1.48 

3.75 

H 135 

6.0 

0.643 

4.26 

2.19 

6.45 

H 136 

5.2 

0.536 

3.69 

1.82 

5.61 

H 137 

3.7 

0.431 

2.63 

1.47 

4.10 

H 138 

3.1 

0.429 

2.20 

1.46 

3.66 

H 139 

3.5 

0.410 

2.49 

1.39 

3.88 

H 140 

5.4 

0.598 

3.83 

2.03 

5.86 

H 141 

5.6 

0.624 

3.98 

2.12 

6.10 

H 142 

5.1 

0.499 

3.62 

1.70 

5.32 

H 143 

5.55 

0.561 

3.94 

1.91 

5.85 

H 144 

3.6 

0.515 

2.66 

1.75 

4.31 

H 145 

3.9 

0.434 

2.77 

1.48 

4.25 

H 146 

3.6 

0.453 

2.56 

1.54 

4.10 

H 147 

5.8 

0 594 

4.12 

2.02 

6.14 

H 148 

5.5 

0.633 

3.91 

2.15 

6.06 

H 149 

5.1 

0.530 

3.62 

1.80 

5.42 

H150 

4.45 

0.479 

3.16 

1.63 

4.79 

H 151 

7.2 

0.815 

6.11 

2.77 

7.88 

H 152 

3.55 

0.439 

2.52 

1.49 

4.01 

H 153 

5.5 

0.604 

3.91 

2.06 

5.96 

H 154 

5.2 

0.592 

3.69 

2.01 

5.70 

H222 

3.4 

0.696 

2.41 

2.37 

4.78 

H223 

2.6 1 

0.397 

1.85 

1.35 

3.20 

H224 

3.3 

0.490 

2.34 

1.67 

4.01 

H225 

3.1 ! 

0.460 j 

2.20 

1.56 

3.76 

H226 

3.7 I 

0.510 

2.63 

1.73 

4.36 

H227 

3.3 

0.472 

2.34 

1.60 

3.94 

H228 

3.8 

0.651 

2.70 

2.21 

4.91 

H229 

5.8 

0.627 

4.12 

2.13 

6.25 

H230 

3.0 

0.470 

2.13 

1.60 

3.73 

ja231 

5.1 

0.586 

3.62 

1.99 

5.61 

H232 

5.2 

0.589 

3.69 

2.00 

5.69 

H233 

3.8 

0.605 

2.70 

2.06 

4.76 

H234 

3.6 

0.544 

2.56 

1.85 

4.41 

H235 

3.1 

0.465 

2.20 

1.58 

3.78 

H236 

4.9 

0.644 

3.48 * 

2.19 

5.67 
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TABLE t—ConeluM 


BABCPLV 

KCBiBUB 

rxT 

TOTAL N 

VOLUMB FAT 

VOLUMB PBO- 
TBIN 

SUM or VOLUMB 
or FAT 

AND PBOTBXN 


per cent 

per cent 

CC. 

CC. 


H237 

6.2 

0.681 

3.69 

2.32 

6.01 

H238 

4.6 

0.631 

3.27 

1.81 

5.08 

H239 

4.6 

0.566 

3.27 

1.92 

6.19 

H240 

3.3 

0.463 

2.34 

1.67 

3.91 

H241 

4.4 

0.615 

3.12 

2.09 

5.21 

H242 

4.9 

0.616 

3.48 

2.09 

6.67 

H243 

6.0 


3.55 

2.07 

6.62 

H244 

6.7 

0.466 

4.05 

1.58 

5.63 

H246 

4.7 

0.544 

3.34 

1.85 

6.19 

H246 

6.4 

0.662 

3.83 

1.91 

6.74 

H247 

3.0 

0.497 

2.13 

1.69 

3.82 

H24S 

4.8 

0.649 

I .3.41 

2.21 

5.62 

H249 

6.2 

0.620 

3.69 

2.11 

6.80 

H250 

5.8 

0.771 

4.12 

2.62 

6.74 

H251 

3.2 

0.485 

2.27 

1.65 

3.92 


which would increase the calculated percentage of lactose by- 
amounts ranging from 0.005 to 0.01 per cent, and reduce the 
discrepancy between this method and the official method to that 
extent. The volume of fat and protein calculated by this for- 
mula on each of the groups of samples reported in tables 2 and 3 
bear out the same conclusions, that the allowance for volume of 
precipitate in the official optical method for lactose is inadequate 
and that results obtained by its use will average about 0.13 per 
cent too high, the range observed being from 0.03 to 0.28 per 
cent. In only one small group of samples those testing less than 
2.5 per cent of fat was the correction 2.6 cc. as great as the cal- 
culated requirement. 

The amount of calculation involved in correcting the polari- 
metric readings in accordance with this formula as well as the 
lack of figures regarding the protein content of the milk imder 
examination may, under certain conditions, constitute legitimate 
objections to its use. To meet these objections, while at the 
same time providing a method which will overcome the evident 
gross inaccuracy of the official method, the following procedure 
suggests itself. The writer has shown (4) that the protein con- 
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tent of normal milk can be estimated with a rather close degree 
of approximation when the fat content is known. Haecker (5) 
has also reported similar data. These results are summarised 

TABLE 2 


KUMBSB OF 
SAMPLXS ' 

ZN GBOUP 

BANQK IN PEBCENT OF FAT 

AVEBAOB 

PAT PEBCBNTAOE 
OF OBOUP 

AVEBAOB PBO- 
TEIN 

CONTENT OF 
OBOUP 

yOLUME OF FAT 
AND PBOTEIN 

IN 66 

GBAMS OF MILK, 
COMPUTED 
FBOM OBOUP 
AVEBAOB 

lepfman's FAO 
TOB8 

15 

Less than 2.5 

2.19 

2.61 

2.43 

78 

Beween 2.5 and 3.0 

2.76 

2.80 

2.91 

169 

Between 3.0 and 3.5 

3.25 

3.00 1 

3.32 

163 

Between 3.5 and 4.0 

3.75 

3.39 

3.81 

97 

Bewteen 4.0 and 4.5 

4.25 

3.62 

4.22 

87 

Between 4.6 and 5.0 

4.76 

3.71 1 

4.63 

91 

Between 6.0 and 5.5 

6.22 

3.78 

5.00 

62 

Between 5.5 and 6.0 

5.81 

4.13 

5.53 

42 

Between 6.0 and 7.0 

6.47 

4.46 

6.10 

13 

Over 7.0 

7.40 

4.70 

6.84 


807 (Total samples included in study) 


TABLE 8 

Percentage of fat and protein, summarized from Haecker* s results 


AVEBAOB FAT PEBCENTAOB 

OF UILK. 

COBBB8POND1NO PBOTEIN 
COMTBNT 

COMBINED VOLUMB OF FAT 
AND PBOTEIN 

2.5 

2.55 

2.65 

3.0 

2.68 

3.04 

3.5 

2.81 

3.45 

4.0 

3.08 

3.89 

4.5 

3.27 

4.31 

6.0 

3.45 

4.72 

6.5 

3.65 

5.15 

6.0 

3.82 

5.56 

6.6 

4.12 

6.02 

7.0 

4.22 

6.40 


in tables 2 and 3. The volume of precipitate shown for the re- 
spective groups being used as the corrections for all samples, 
whose fat content placed them within the group. The correc- 
tion as obtained in this way by reference to the fat content could 
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be applied equally well by increasing the dilution of the sample 
to the proper amount, as indicated for each group in column 6, 
table 2, or the correction could be applied as V in the formula: 


per cent lactose equals ^ times 


where the samples are 


2 100 
diluted to a uniform volume of 100 cc. 

To test the accuracy of the use of these or similar figures as a 
basis for calculating the volume of the fat and protein in other 


TABLE 4 


DBSCRIPTION or OBOUP, 

FEB CENT or FAT 

VOLUME or 

TXT AND PRO- 
TEIN COMPUTED 
rSOM OBOUP 
AVBRAOB, 
TABLE 2 

VOLUME or FAT 
AND PROTEIN 
FOR 100 
SAMPLES, PROM 
TABLE I 
CALCULATED 
INDIVIDUALLY. 
AVERAOED BY 
GROUPS 

DISCREP- 

ANCY 

AVEBAQB 

DISCREP- 

ANCY 

NUMBER 
SAMPLES IN 
OBOUP 


ee. 


ee. 

ee. 


Less than 2.5 

2.43 





Between 2.5 and 3.0 

2.91 


0.44 

0.36 

2 

Between 3.0 and 3.5 

3.32 


1.46 

0.53 

15 

Beween 3.5 and 4.0 

3.81 

4.31 

1.03 


21 

Between 4.0 and 4.5 

4.22 

4.84 


0.62 

7 

Between 4.5 and 5 0 

4.63 

5.45 

1.26 

0.82 

9 

Between 5.0 and 6.5 

5.00 

5.72 

1.01 

0.72 

21 

Between 5.5 and 6.0 

5.53 

6.11 

1.21 

0.58 

15 

Between 6.0 and 7.0 

6.10 

6 44 

0.44 

0.34 

4 

Over 7.0 

6.84 

7.71 

1.29 

0.87 

6 

Total 

100 



Grand average discrepancy weighted for number of samples in each 


icrouD 




... 0.61 



samples of milk, the samples studied in table 1 were grouped in 
accordance with their fat content. The volumes of the fat and 
protein as calculated for the individual samples were averaged 
for the respective groups. These group averages were then 
compared with the volume of the precipitate as calculated for 
the various groups of like fat percentage reported in table 2. 
The results of the comparison are shown in table 4. 

In each group the average volume of the fat and protein is 
greater in case of the 100 samples reported in detail in table 1. 
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This group of determinations was made on individual twenty- 
four-hour samples from about 30 different cows at different times 
during the year. The cows were about equally divided between 
the Jersey and Holstein breeds, and were well fed and cared for 
at all times. The feed included pasture in season. The samples 
were selected from our files by groups without regard to their 
composition. The 807 samples, table 2, which furnish the basis 
of comparison for the others were obtained mostly, but not en- 
tirely, from cows of the same two breeds. A large part of the 
samples were twenty-four-hour composites. Another large por- 
ion were seven-day composites, while a few represented single 
milkings. Most of the samples were obtained from cows being 
used on long continued experiments, and confined exclusively to 
dry, and in many cases monotonous feeding but otherwise well 
cared for. The samples reported by Haecker were taken during 
the winter from well-fed cows, some of which were on high and 
others low-protein rations. They show a slightly smaller calcu- 
lated volume of precipitate than either of the corresponding 
groups reported by the writer. Practically the same methods 
of analysis were used, but the factor used to convert Nitrogen 
to protein in Haecker’s tables is not stated. If the commonly 
used factor 6.25 was employed instead of the factor 6.38 used by 
the writer, a part of this difference is accounted for. Whether 
the differences noted are due in any way to the treatment as 
outlined, or are only such as may be expected to occur between 
samples obtained from different sources and under different con- 
ditions is not apparent from the data at hand. 

The average discrepancy of 0.61 cc. in the volume of the pre- 
cipitates between the two methods of calculation as shown in 
table 4 amounts to an average error in the final lactose reading of 
approximately 0.03 per cent as compared with an average error 
of 0.13 per cent which occurs in using the official method. The 
maximum error of 1.46 cc. would amount to a final error of 0.07 
per cent as compared with a maximum error of 5.53 cc., or 0.28 
per cent in case of the official method. 
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SUMMARY 

It has been shown that in case of 100 representative samples 
studied the average volume of the fat and protein in the 66 grams 
of milk used as a sample was 5.19 cc. against a correction of 2.6 
cc. allowed in the official method of the association of Official 
Agricultural Chemists. In every sample, the volume as actually 
calculated «cceeded the correction called for in the official method 
by amounts ranging from 0.6 to 5.53 cc. The actual maximum, 
minimtim and average discrepancy in the final lactose reading 
would have been respectively 0.28, 0.03, and 0.13 per cent. The 
actual computed volume of fat and protein is also shown to be 
greater than the correction called for by the Official method in 
each group of 10 groups aggregating 543 samples reported by 
Haecker and in each group except one of 10 groups totaling 807 
samples previously reported by the writer. 

A suggestion is made for the use of the fat content of the 
milk as a basis for determining the proper correction of volume 
when other data are not available. It is shown that the degree 
of accuracy obtainable by this simpler method is not as great as 
that obtainable by the use of the iformula first discussed, but is 
much greater than that secured by the use of the official method 
in its present form. 
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ORLA-JENSEN’S CLASSIFICATION OF LACTIC ACID 

BACTERIA 

P. G. HEINEMAN 

Woodworth, Wisconsin 

A valuable contribution to our knowledge of lactic acid bacteria 
has been recently published by S. Orla-Jensen in “M^moires de V 
Acad6mie Royale des Sciences et des Lettres de Danemark, 
Copenhague” (Section des Sciences, 8me. s^rie, t.V, no. 2). 
This study has covered a period of ten years duration and the 
results of cultural and biochemical reactions have been so cor- 
related as to form the basis for classification. 

A brief summary of our knowledge of lactic acid bacteria is 
necessary here in order to lead logically to the system proposed 
by Orla-Jensen. The term ‘lactic acid bacteria’' has not been 
used by all authors in the same sense. While Kruse and other 
authors recognize as true lactic acid bacteria only those bac- 
teria which are intimately concerned with the so-called nor- 
mal souring of milk, others, notably Lohnis, include all those 
bacteria which produce lactic acid in milk and which are of con- 
sequence in the dairy. Some authors have considered as lactic 
acid bacteria all those bacteria which produce lactic acid, whether 
they are of importance in the dairy industry or not. The last 
view is now held to be obsolete and needs no consideration. 

It is true that in the normal so\u*ing of milk there are reactions 
which are not entirely understood. However, it is reasonably 
certain that members of the coli-aerogenes group (the pseudo- 
lactic acid bacteria of Jensen) and Streptococcus lacticus are the 
chief and necessary agents in producing normal souring. 
Whether staphylococci contribute to the fermentation is not 
definitely settled, but if they do their influence is probably 
insignificant. It must be assumed then that the bacteria con- 
cerned in the normal souring of milk, namely the coli-aerogenes 
group and the streptococci, constitute the most important groups 
of lactic acid bacteria. These types have received considerable 
attention at the hands of investigators. A large number of 
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“species” was described in the early years of dairy bacteriology 
and the classification of Kruse was designed with a view to re- 
ducing the number of types previously recognized to a reasonable 
arrangement. 

Recent studies of the group of lacto-bacilli have emphasized 
the role played by them in various processes, especially in the 
later stages of cheese ripening and the production of fermented 
milks. The acid produced by lacto-baciUi is chiefly lactic acid 
and since they appear to be of eminent importance in the dairy, 
their classification with the lactic acid bacteria is justified. 
The lacto-bacilli have not been studied as extensively as the 
first two groups mentioned. The obvious reason for this is the 
difficulty experienced in cultivation. Since they do not grow 
readily on ordinary media they have been frequently overlooked. 
The available studies have also led to a complicated nomenclature 
which awaits simplification. 

The comprehensive classification of lactic acid bacteria pro- 
posed by Ldhnis includes all types and calls for four main groups, 
namely > (1) the group represented by the coli-aerogenes bac- 
teria, of which Bacillus acidi lactici (Hueppe) is the most im- 
portant; (2) the streptococcus group, represented by Strepto- 
coccus lacticus (Kruse); (3) the staphylococci; and (4) the lacto- 
bacilli. Orla-Jensen has studied the last three groups and has 
subdivided them in his own way according to morphology, cul- 
tural properties, ability to ferment carbohydrates and in refer- 
ence to the kind of acid produced. 

The methods of investigation employed by Orla-Jensen in- 
clude the following points: (1) morphology and cultural featmes; 
(2) sources of energy, nutritive material utilized and the manner 
of utilization; (3) temperature relations; and (4) agglutination 
and other specific properties. The results of the author’s inves- 
tigations are given in the following description in abbreviated 
form. 
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MORPHOLOGICAL AND CULTURAL FEATURES 

The true lactic acid bacteria or streptococci are gram-positive 
and when stained with fuchsin possess capsules which may 
attain considerable size when a tendency to slime formation is 
evident. Methylene blue frequently shows the presence of 
granules, especially in rod-shaped bacteria. The streptococci 
and lacto-bacilli, as a rule, grow better in stab culture than on 
the surface, because of their inclination to anaerobiosis. Sur- 
face cultures consist of a thin veil and the colonies are small, 
rarely more than one millimeter in diameter. The streptococi 
fiequently show elongated forms, simulating bacilli. 

SOURCES OF ENERGY 

As sources of carbon the following substances were used: the 
pentoses xylose and arabinose and the methyl pentose rham- 
nose; the hexoses dextrose, levulose, mannose and galactose; the 
disaccharids saccharose, maltose and lactose; the trisaccharids 
raffinose; the polysaccharids inulin, dextrin, soluble starch, gly- 
cogen and gum arabic; the alcohols glycerin, erythrit, adonit, 
mannit, sorbit and dulcit; the cycloparafin inosit; and the glu- 
coside salicin. The true lactic bacteria, it was found, do not 
ferment gum arabic, erythrit and adonit and rarely dulcit and 
inosit, while the * pseudo-lactic acid bacteria’’ generally ferment 
these substances. All those lactic acid bacteria that ferment 
starch also ferment glycogen. Galactose is, as a rule, less fer- 
mentable than dextrose and levulose. 

For the study of fermentation products four per cent, of car- 
bohydrate was dissolved in the medium and chalk added in 
order to obtain a relatively large quantity of acid. Strains 
which produce pure dextro- or levo- or inactive lactic acid in 
milk produce the same modification, no matter which carbohy- 
drate is used for the test. But the strains which produce a greater 
quantity of one active acid than of the other produce only the 
acid which is more readily formed when conditions are unfa- 
vorable. The production of an optical modification of lactic acid 
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is dependent upon a particular enzym secreted by the cell and 
not upon the stereo-chemical structure of the carbohydrate. 

Casein furnishes an excellent source of nitrogen and para- 
casein, or the caseone formed from casein by rennet, is in many 
cases superior to casein. Meat extract fmnishes as good a 
source of nitrogen as caseone provided it contains, as many 
commercial extracts of meat do, proteoses and peptones. Witte 
peptone also is a good source of nitrogen. The author thinks 
that the culture medium shoxild contain a substance, peptone for 
example, which through its buffer action prevents injury to 
lactic acid bacteria from an increasing concentration of hydro- 
gen ions. Ammonimn salts and single amino-acids are entirely 
unsuitable as sources of nitrogen for lactic acid bacteria. 

Proteins are decomposed by young cultures of lactic acid bac- 
teria in small measure, but old cultures containing many dead 
and autolyzed cells decompose proteins more actively. This 
decomposition is therefore due to endoenzyms and is not carried 
beyond the stage at which aminoacids are formed. These are 
not split by lactic acid bacteria. The ripening of cheese is 
therefore a process of digestion which is supported by a mutual 
influence of lactic acid bacteria and rennet. This means that 
the acid produced by lactic acid bacteria favors rennet action, 
while the caseones resulting from rennet action enhance the 
growth of lactic acid bacteria. 

Sodium chlorid has little or no effect on growth of lactic acid 
bacteria in quantities- up to 2.5 per cent, while 5.5 per cent is 
harmful and 10.5 per cent prohibitive. Micrococci and sar- 
cinae (tetracocci, Jensen), as for example those found in herring 
brine, withstand sodium chlorid up to 15 per cent. 

TEMPERATURE RELATIONS 

The amount of acid formed does not always coincide with the 
greatest proliferation. The same holds in regard to proteolysis. 
While, for example, Tetracoccus liquefaciens (Jensen), grows 
most rapidly at 30°C., it proteolyses most powerfully at 20®C. 
As a general rule the maximum and minimum temperatures are 
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dependent upon vitality rather than upon the composition of 
the medium. The optimmn temperature of lactic streptococci is 
SO^C. or even lower, while that of pathogenic streptococci is 35® 
to 37°C. Most lactic streptococci are destroyed below 70°C. 
in fact only 0.01 per cent of cells survive 60°C. Some milk 
streptococci, however, survive heating to 76®C. for fifteen 
minutes. 

AGGLUTINATION AND SOME SPECIFIC REACTIONS 

Agglutination is not considered by the author of value in estab- 
lishing a classification. The reduction of litmus is also uncer- 
tain as it is related in large measure to the rapidity of growth. 
The true lactic acid bacteria (streptococci) are wholly devoid of 
catalase and do not split hydrogen peroxid. 

Variability of lactic acid bacteria is, as a rule, observed only 
as a result of degeneration. The author has never observed an 
organism to acquire the power to ferment a new carbohydrate, 
but has frequently noticed the loss of this power. Similarly 
some strains that produce both active modifications of lactic acid 
may under unfavorable conditions produce but one. The for- 
mation of slime in milk is highly variable. The author thinks 
that degeneration, such as is frequently observed in carrying 
cultures of starters, is due to seeding smaU quantity of culture. 
When large amounts are transferred the chance of preserving 
active cultures is much enhanced. 

CLASSIFICATION 

As a result of his studies Orla-Jensen recognizes the following 
genera: Streptococcus, Betacoccus, Tetracoccus, Thermobac- 
terium, Streptobacterium, Betabacterium, Microbacterium, Bac- 
terium bifidum. 

Germs Streptococcus 

Streptococci are spherical as a rule, but elongated before divi- 
sion. The daughter cell may be egg-shaped and the pointed ends 
may be at right angle to the axis of the chain. The cells group in 
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pairs or chains of varying length. In liquid media long--chained 
forms settle rapidly, leaving a clear fluid, while short chains 
remain in suspension for a long or short period, leaving the fluid 
turbid. Broth increases the tendency to chain formation, while 
in milk the diplococcus form predominates. Sometimes cell 
division is irregular and the streptococcus then simulates a 
staphylococcus. There are two main groups of streptococci, 
one which produces dextro-lactic acid with but a trace of by- 
products, while the other group forms levo-lactic acid with an 
appreciable quantity of byproducts. The first group comprises 
most milk streptococci and pathogenic forms. To the second 
group belongs Streptococcus brassicae (sourkrout) and Strepto- 
coccus mesenteroides. The latter type produces a considerable 
quantity of gas from carbohydrates. The first group is named 
Streptococcus, the second Betacoccus, from beta, the beet. 

Streptococcus lactis is the chief representative of the genus 
streptococcus. Other names are: Bacterium lactis (Lister), 
Streptococcus acidi lactici (Grotenfeld), Bacterium lactic acidi 
(Leichmann), Bacterium Gtintheri (Lehmann and Neumann), 
and Streptococcus Kruse. No reason is given for adopting 
Streptococcus lactis instead of the more common appellation 
Streptococcus lacticus. It grows best at 30°C. and coagulates 
milk in twenty-four hours, forming 0.7 to 0.8 per cent lactic 
acid. It usually dissolves a small quantity of casein, although 
this faculty may be rapidly lost. It ferments maltose in prefer- 
ence to lactose; it ferments saccharose slightly or not at all; 
does not ferment dextrin and salicin. The hexoses dextrose, 
levulose, mannose and galactose are fermented. Alcohols are 
not fermented, excepting mannit which is attacked by some 
strains. It appears in diplococcus form or in short chains. 

Streptococcus cremoris is the type that is used as starter for 
cream ripening. It frequently produces a slimy condition in 
milk and is identical with Bacterium lactis longi in TMtmjolk. 
and Streptoccus hoUandicus in Lange Wei. It grows rapidly at 
relatively low temperature. It forms 0.7 per cent lactic acid in 
mUk. It ferments lactose, while saccharose, maltose and dex- 
trin are fermented exceptionally. Dextrose, levulose and man- 
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nose are fermented, but alcohols and pentoses are not attacked. 
Streptococcus cremoris has a more decided tendency to long 
chain formation than Streptococcus lactis and the chains are 
frequently encapsulated. 

Streptocccus mastitidis is a streptococcus forming a connect- 
ing link between saprophytic and pathogenic streptococci. It 
grows best at 37“C. and rarely forms more than 0.5 per cent 
lactic acid. It is distinguished from Streptococcus cremoris by 
attacking saccharose and maltose almost as readily as lactose. 
It ferments dextrin and starch and forms an orange-colored 
deposit in starch media after ten days. Moiphologically it 
resembles Streptococcus cremoris and its fermentation reactions 
are variable. It is therefore difficult to distinguish from Strep- 
tococcus cremoris, but it never produces slime in milk. 

Streptococcus thermophilus is the commonest streptococcus in 
milk pasteurized at low temperature. It is not destroyed below 
80®C. and grows most rapidly at 40® to 45®C. It produces 
more acid in milk than Streptococcus cremoris. It differs from 
Streptococcus mastitidis by feebly fermenting maltose and from 
Streptococcus cremoris by active fermentation of saccharose. 
It never attacks salicin, but ferments mannose slightly and 
forms long chains at 45®C. 

Streptococcus bovis is common in cow mamuB. It grows best 
at 35®C. and not at 22®C. It grows well in milk and attacks 
casein, ferments starch, inulin and rafiinose. 

Streptococcus inulinaceus grows best at 30®C., does not pep- 
tonize casein and ferments inulin and rafiinose. It forms short 
chains and has no capsule. Its other fermentation reactions are 
similar to those of Streptococcus bovis. 

Streptococcus faecium occurs chiefly in human feces, but also 
in feces from other mammals. It grows slowly in milk, but rap- 
idly in broth; it ferments arabinose and sometimes xylose. It 
generally ferments mannit and saccharose, but its fermenting 
power is quite variable and apparently approaches other types. 
It occurs chiefly as a diplococcus, rarely in short chains. 

Streptococcus glycerinaceus ferments glycerin and is derived 
chiefly from cheese. It coagulates milk slowly, ferments man- 
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nit and sorbit and sometimes dulcit. It further ferments inosit, 
rhamnose and not infrequently xylose. 

Streptococcus liquefaciens liquefies gelatin and digests casein. 
Otherwise it resembles Streptococcus glycerinaceus. 

Eight additional strains of streptococcus were studied, but 
these could not be classified with the foregoing types. 

Gemis Betacoceus 

Betacocci are found on green vegetables and juicy roots. 
They enter the digestive tract of cattle with food and thence 
reach the milk. They are highly variable in their properties 
and the author has refrained from establishing species. The 
produce a slimy condition frequently occurring in syrup and are 
responsible for the fermentation of sourkrout. The optimum 
temperature is 30°C. or somewhat less. They generally pro- 
duce levo-lactic acid and in some cases inactive acid. Gas, 
composed of CO 2 and H, is produced from carbohydrates by 
some strains, but always in small quantity. The gas produc- 
ing strains form slime in cane-sugar solutions. When isolated 
from vegetable matter they grow poorly in milk, but when iso- 
lated from dairy products they form considerable amounts of 
acid in milk and digest the casein in a measure. Betacocci 
ferment raifinose and sometimes dextrin and salicin. The fer- 
mentative power is very variable. 

Genus Tetracoccus 

All carbohydrate fermenting micrococci and sarcinae are 
included in this genus and are distinguished from streptococcus 
by their luxuriant siuface growth and absence of chain forma- 
tion, although some strains may divide in a fashion to appear in 
short chains. They are distinctly agrobic, secrete a catalase 
and liberate oxygen from hydrogen peroxid. Some tetracocci 
are chromogenic and the pigment varies in color and intensity 
in different cultures, or subcultures from the same strain. The 
size of the cells is very variable and strains consisting of large 
cells may after subculture become much smaller. Many strains 
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liquefy gelatin and digest casein. Pathogenic tetracocci are 
killed at 65°C., while saproph 3 diic ones may resist a temperature 
up to 76°C. The optimum temperature is about 30®C. Tetra- 
cocci are resistant to relatively high concentrations of sodium 
chlorid, sometimes as high as 15 per cent. They also resist 
concentrations of sugar which fact may account for their fre- 
quent presence in condensed milk. Some tetracocci form dex- 
tro-lactic acid, others produce inactive or levo-lactic acid. They 
are able to utilize some acids for food. The ability to ferment 
carbohydrates is very variable and is therefore not a reliable 
criterion for classification. 

Genus Thermchacterium 

Thermobacteria are not killed below 75®C. and growth takes 
place at relatively high temperature. The optimum tempera- 
ture is about 40'’C. and the maximum lies about 50“ or higher. 
They grow best in milk or media prepared from milk constitu- 
ents. They usually form large quantities of acid in milk, but 
there are exceptions. The lactose fermenting thermobacteria 
from mash do not form acid in milk. The lactic acid formed is, 
as a rule, levo-lactic, rarely inactive lactic acid. Acetic and 
succinic acids are also formed. Some strains of thermobacteria 
form slime and still produce much acid. The ability to form 
slime sometimes is maintained through many generations. They 
decompose casein with formation of mono-amino acids and this 
quality explains their importance in cheese ripening. The lacto- 
bacillus of Emmenthaler cheese belongs to this group. Fer- 
mentation of carbohydrates is uncertain and variable. The 
thermobacteria are long rods, growing frequently in filaments 
especially in old cultures; they are inclined to anaerobiosis. 
Some strains show granules in stained preparations. Bacillus 
bulgaricus belongs to the group of thermobacteria. The com- 
mon thermobacteria in milk are termed Thermobacterium lactis. 
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Genus Streptobacterium 

The term Streptobacterium is selected because of the tend- 
ency of this group to form filaments. They are present in but- 
ter and cheese and in fermenting vegetable matter. There are 
many types with intermediate forms and separation into distinct 
species is therefore difficult. Two types are described by the 
author, Streptobacterium casei (Bacterium case a) and Strep- 
tobacterium plantarum. 

Streptobacterium casei forms either pure dextro-lactic acid or 
in addition variable quantities of levo-lactic acid. Some strains 
which at first produce inactive acid later produce dextro-acid. 
Streptobacterium casei grows well in milk and forms about 1.5 
per cent lactic acid. It forms casein and is therefore an active 
agent in cheese ripening. Some strains produce slime in milk, 
but readily lose this property. Streptobacterium casei fer- 
ments galactose and other monosaccharids. The filaments are 
long and often intertwined. The rods are frequently very 
short and then resemble streptococci. With methylene blue 
dark granules sometimes appear. 

Streptobacterium plantarum produces usually inactive lactic 
acid, sometimes excess of dextro-acid and rarely dextro-acid ex- 
clusively. It is commonly isolated from potatoes and forms 
much acid in milk, but rarely attacks casein. Some strains 
produce slime in sugar agar, but not in milk. Fermentation of 
carbohydrates is variable and influenced by the source of nitro- 
gen in the medium. Morphologically it closely resembles 
Streptobacterium casei. 

Genus Betabacterium 

Betabacteria are highly resistant to heat since most of them 
are not killed below 75°C. They usually form inactive lactic 
acid, but sometimes an excess of dextro-acid appears. Most 
strains develop gas consisting of CO* and H and when gas for- 
mation is intense succinic acid is produced as a byproduct. 
Betabacteria grow poorly in milk and usually do not attack 
casein. They frequently occur in cheese as they are able to 
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utilize lactate of calcium. They do not ferment salicin and 
alcohols, but ferment mannose slightly. 

Betabacterium caucassium is one of the active bacteria in 
Kefir grains. Its optimum temperature is below 30®C. and it 
produces inactive lactic acid. The rods are of varying length 
and congregate in clusters. 

Betabacterium breve ferments mannose, levulose and dextrose 
with difficulty. A few strains ferment saccharose and raffinose. 
The rods are short, have rounded ends and are separated. Short 
chains are occasionally met with in young cultures. Granules 
appear in several strains when stained with methylene blue. 

Betabacterium longum has an optimum temperature of 45®C. 
It does not ferment arabinose, but some strains ferment xylose. 
It usually ferments saccharose and raffinose. Irregular swellings 
sometimes appear in stained cells, but granules are rarely seen. 

Genus Microhacterium 

Microbacteria are small rods and generally do not curdle milk. 
The small amount of acid produced is dextrolactic acid in all 
strains studied but one which produces inactive acid. Micro- 
bacteria are aerobic, split hydrogen peroxid, reduce nitrates to 
nitrites, and some liquefy gelatin. 

Microbacterium lacticum is killed at 80° to 85°C., does not 
ferment raffinose and inulin, but frequently attacks starch. It 
occurs in small single rods and sometimes appears in coccus form. 
Stained with methylene blue it sometimes shows granules, simu- 
lating a streptococcus. Bacillus acidophilus of Finkelstein and 
Moro belongs to this group. 

Microbacterium mesentericum is killed at 70°C. and produces 
but little acid. The rods are long, thin and often granulated. 

Microbacterium flavum forms up to 1 per cent lactic acid 
from levulose and other hexoses. It forms a yellow pigment. 
The rods are plump and frequently form filaments. Stained 
with methylene blue granules appear. 

Bacterium bifidum is the organism described by Tissier who 
found it to constitute the majority of bacteria in the feces of 
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breast-fed infants. Orla-Jensen could not confirm these find- 
ings, as he discovered no material difference in the fecal flora of 
breast-fed and bottle-fed infants. Bacterium bifidum is anaer- 
obic, requires sugar for growth, produces dextro-lactic acid and 
large amounts of acetic acid. 

The author of this very comprehensive work made a few ex- 
periments with some cultures to determine their value in practice. 
Cabbage was inoculated with cultures of Betacoccus arabinosus 
and Streptobacterium plantarum and the product was superior 
to the one obtained by spontaneous fermentation. The flavor of 
cheese was also advantageously influenced by the use of cul- 
tures. The milk used in the experiments made with cheese 
was first treated with hydrogen peroxid at 50°C. to destroy the 
majority of bacteria. By the use of cultures putrefactive bac- 
teria are held in check and proteolytic processes were accelerated. 
In making Danish dairy cheese cultures of Streptobacterium 
casei. Streptococcus lactis and Streptococcus cremoris gave 
satisfactory results. 

The publication of Orla-Jensen presents many more details 
than have been recorded in this abstract. The study was care- 
fully planned and carried out with patience. The morphology 
of the types studied is illustrated by 280 micyophotographs and 
several reproductions of cultures in gelatin showing the shape of 
the liquefied areas. 

The question presents itself whether the classification proposed 
will fit in with general bacterial systematology. It may be 
questioned whether it is wise to increase the nomenclature of 
bacteria by the large number of names presented and whether 
morphology and carbohydrate fermentations are sufficiently 
constant to stand the test of future investigation. The produc- 
tion of certain chemical compounds by bacteria is apparently on 
a firmer basis than either morphology or carbohydrate fermenta- 
tion. Certain types of lactic acid bacteria, for example, always 
produce dextro-lactic acid, others levo-lactic acid, and still 
others inactive acid. It is true that in some cases the forma- 
tion of inactive lactic acid is not entirely constant as it depends 
on the production of equal quantities of the active acids, but in 
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these cases one of the two active acids is produced more readily 
than the other and this property remains constant. The rela- 
tion of lactic acid to other acids produced is also fairly constant 
with the same type of microorganism and the composition of gas 
formed by some bacteria seems to be of a definite character. 

Orla-Jensen’s work undoubtedly marks progress in our knowl- 
edge of lactic acid bacteria. Recent work on this class of bac- 
teria is confirmed and amplified. The true lactic acid bacteria 
are definitely recognized as streptococci and former classifi- 
cation, based on morphology, is shown to be incomplete. The 
work furthermore emphasizes the importance of correlating 
several tests when type determination is the object of the study. 
The author states that the composition of the medium is of para- 
mount importance for the study of bacterial products and al- 
though the necessity of uniform culture media is becoming more 
and more apparent in bacteriologic work we are still seriously 
handicapped in this respect. 



THE KEEPING QUALITY OF MILK AS JUDGED 
BY THE COLORIMETRIC HYDROGEN ION 
DETERMINATION 

L. H. CXX)LEDGE and R. W. WYANT 

Department of Bacteriology and Hygiene j Michigan Agricultural C allege ^ East 

Lansing f Mich, 

INTRODUCTION 

During the past few years many methods have been devised 
for determining the sanitary condition of milk or cream as it is 
delivered to the city plant or as it is delivered by the dealer to 
the consumer. Each of the methods devised has faults and 
limitations to such an extent that no one method can be said at 
the present time to have been generally adopted as a means of 
judging the sanitary quality of milk. The advantages and 
limitations of these methods have been dealt with in such an 
extensive manner in recent literature that it is not deemed 
necessary to include such a discussion in this paper. The fact 
that new methods are constantly being devised for determining 
the bacterial condition of dairy products is sufficient proof that 
the present methods are not satisfactory. The principal faults 
found with the methods now in use are (1) the results report the 
presence of inactive or dead organisms having little sanitary 
significance, (2) a trained technician is required to make many 
of the tests, (3) excessive cost per sample examined, (4) length 
of time required to make the test and (6) failure of the results 
to give a true index of the sanitary condition or keeping qualities 
of the sample tested. 

The writers in studying the methods for determining the bac- 
terial condition of milk were impressed with the need of a 
method which would meet the criticisms mentioned above. The 
valuable aid that such a method would be to condenseries, milk 
plants, creameries, cheese factories, and city, town and village 
health departments in controlling the sanitary condition of their 
milk supply makes this a problem worthy of study. 
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In hopes of finding a method which would be open to as few 
as possible of the criticisms mentioned above the writers have 
made a study of the change of reaction in broth inoculated with 
a small amoimt of the milk to be tested. The colorimetric 
hydrogen ion determination as recommended by ClaA and 
Lubs (2) was used in making measurements. 

It was hoped that in this way a factor might be obtained 
which would not represent the number of inactive or dead bac- 
teria, or even the live bacteria present, but which would repre- 
sent the actual ability of the bacteria and enzymes present to 
bring about changes in the milk which might make it unsuitable 
for the purpose for which intended. 

In this way it was expected that account would be taken of 
the fact reported by Marshall and Farrand (3) that “About 57 
per cent of the associate microorganisms when grown in com- 
bination with the specific lactic microorganisms accelerate their 
growth and action.” This fact is not considered in measuring 
the bacteriological condition of milk by other methods. 

METHODS 

Preliminary studies were made with the indicators having a 
suitable range for this work. We first tried C. R. indicator, a 
mixture of China blue and rosolic acid, which has been recom- 
mended by Bronfenbrenner, Davis, and Morishima (1) for the 
preparation of milk or whey culture media. This indicator was 
not found adapted for our use because of its failure to adjust 
itself quickly to change in hydrogen ion concentration. Of the 
indicators studied by Clark and Lubs, Di bromo ortho cresol sul- 
fon phthalein (Brom cresol purple) and Di bromo thymol sulfon 
phthalein (Brom thymol blue) were tried. Brom cresol purple 
having a range pH 6.2 to 6.8 was not found satisfactory because 
of its failure to cover the range to the neutral point. This Indi- 
cator failed to give sharp color distinctions necessary for accur- 
ate measurements in this woili. Brom thjunol blue having a 
range pH 6.0 to 7.6 was found to give the most satisfactory 
readings and was adopted. As definite color changes with this 
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indicator are not present above pH 6.0 all readings falling be- 
yond this were uniformly recorded as pH 5.8. This is the maxi- 
mum reading found necessary for our purpose. Brom thymol 
blue was used in a 0.04 per cent aqueous solution. 

Numerous culture media were tried but plain broth was found 
to give results (change in pH) which corresponded most closely 
with the actual keeping quality of the milk- • 

Plain bouillon cube broth was prepared and adjusted to a reac- 
tion of pH 7.0. Ten cubic centimeter portions of this were 
placed in large test tubes (6 by f inches) with 10 drops of the 
indicator, Brom thymol blue, and sterilized. A 0.1 cc. portion 
of the milk to be tested was obtained by adding 1 cc. of milk 
to 9 cc. of sterile water and adding 1 cc. of this mixture to the 
prepared tube of broth. The tubes were then incubated at 
37®C. in a water bath or incubator. By means of the ring 
method we hope to do away with the use of pipettes entirely, 
thus greatly simplifying the technic and reducing to a mi nimum 
the chance of error. 

Hourly observations were made to detect the first appearance 
of color change in the tubes. From the time the first change in 
color was noticed, hourly pH readings were made with the tubes 
cooled to 20®C. These readings were not continued beyond 
eight hours because it was found that tubes which did not show 
fermentation by this time represented milk of excellent quality. 

EXPERIMENTAL 

In order to determine the rate of change of the pH value of 
sterile milk due to the presence of lactic acid producing organ- 
isms, tubes containing 10 cc. of sterile milk were prepared and 
varying amounts of spontaneously somed milk placed in each. 
In this way samples of milk with the counts shown in table 1 
were secured. 

The spontaneously soured milk used had 200,000,000 acid 
producing bacteria per cubic centimeter when plated out on 
lactose agar. These inoculated milks were then treated as de- 
scribed under “Methods” to note rate of change in their hydro- 
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gen ion concentration due to the activity of the added bacteria* 
Samples of the milk were set aside at 21®C. and tasted at six 
hour intervals to determine the time required for each to become 
sour. It will be seen that the hydrogen ion concentration 
varied from pH 6.9 to more than pH 6.0 when the last reading 
was made. The initial readings as shown in this table vary but 
little from the original pH of the broth due to the small amount 
of milk added and to the fact that broth is a buffered solution. 

The fact that the sample having pH reading of 6.5 at the end 
of eight hours required thirty hours to sour, while the sample 
having a reading of pH 6.1 only required eighteen hours would 

TABLE 1 


Change in pH due to varying amounts of naturally sour milk inoculated into sterile 

milk 


BAMFLS 

KUMBXR 

ACID BACTKRIA 
ADDED PER 
CUBIC CENTI- 
METER 

COLORIMETRIC pH 

CONDITION or MILK 

Start 

5 hours 

Ohours 

7houra 

8 hours 

1 

0 

6.9 

6.9 I 

6.8 1 

6.8 

6.8 

42 hours, sweet 

2 

20 

6.9 

6.9 

6.8 

6.8 

6.8 

42 hours, sweet 

3 

200 

6.9 

6.9 

6.8 

6.8 

6.7 

42 hours, sweet 

4 

2,000 

6.9 

6.9 

6.8 

6.8 

6.7 

36 hours, sweet 

5 

20,000 

6.9 

6.8 

6.8 

6.7 

6.5 

30 hours, slightly sour 

6 

200,000 

6.9 

6.8 

6.7 

6.4 

6.1 

18 hours, slightly sour 

7 

2,000,000 

6.9 

6.6 

6.4 

6.0 

5.8 

12 hours, sour 

8 

18,000,000 

6.9 

6.2 

6.0 

5.8 


6 hours, sour 

9 

46,000,000 

6,9 

5.8 




6 hours, sour 


66,000,000 

6.9 

5.8 




6 hours, sour 


seem to establish a rough law that any milk having a similar 
pH change might be expected to sour in approximately the same 
length of time. The first sample, from a market milk stand- 
point, might be considered satisfactory while the second sample 
because of the short time required for it to become sour would 
be unsatisfactory. The consumer usually feels that he has a 
right to expect market milk to be fit for the table at least twenty- 
four hours after delivery. 

In table 2 the change in pH is compared with the bacterial 
count and the condition of the milk at the end of twenty-four 
hours. 
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It will be noticed that the eight hour pH reading compares 
in a rough way only with the bacterial counts, but quite accur- 
ately with the condition of the milk at the end of twenty-four 

TABLE 3 


Comparison of pH change with bacteriological condition and condition of milk at 

twenty-four hours 


« 

H 


BACTERIA 

6^ 

§ S 


CONDITION or ICXLK 

is 

2 * 

Initial 

5 hours 

1 

o 

(O 

E 

S) 

o 

M 

8 hours 

PER CUBIC 
CEMTIMETEB 

ACID BA 
TEBIi 

O B 

H 

PU 

r- 

TWEirTT-rOUB BOUB* 
HELD AT 21*0 

115 

6.9 

6.8 

6.8 

6.8 

6.8 



per cent 

0.0 

per cent 

86.0 

Sweet 

120 

6.9 

6.8 

6.8 

6.8 


10,000 

30.0 



Sweet 

131 

6.8 

6.8 

6.7 

6.7 

6.7 

5,000 

24.0 

12 0 

64.0 

Sweet 

Km 

6.8 

6.7 

6.7 

6.7 

6.7 


41.0 


26 0 

Sweet 



6.7 

6.7 

6.7 

6.7 


20.0 

0.0 

80.0 

Sweet 

21 


6.8 

6.7 

6.7 

6.7 

35,000 

14.0 

0.0 

86.0 

Sweet 

112 

rat! 

6.7 

6.7 

6.7 

6.7 



0.0 


Sweet 

18 


6 8 

6.7 

6.6 

KWIi 



14.0 


Sweet 

24 


6.8 

6.7 

6.7 

6.6 

30,000 

33.0 


62.0 

Sweet 

11 


6,8 

6.6 

6.7 

6.6 

17,000 




Sweet 

18 


6.8 

6.7 

6.6 

6.6 


mi 

14.0 


Sweet 

14 


6.8 

6.6 

6.5 

6.5 



0.0 

70.0 

Sweet 

32 


6.7 

6.7 

6.7 

6.5 


14.0 

16.0 

70.0 

Sweet 

19 


6.8 

6.6 

6.6 

6.5 


8.0 

8.0 

84.0 

Sweet 

130 

6.9 

6.6 

6.6 

6.5 

6.4 

25,000 


8.0 

52.0 

Slightly sour 

23 


6.7 

6.6 

6.5 

6.4 


25.0 

0.0 

75.0 

Sweet 


6.9 

6.7 

6.7 

6.7 

6.4 


20 0 


75.0 



6.9 

6.7 

6.7 

6.6 

6 4 


12.0 

75.0 

13.0 

Sweet 

127 

6.9 

6.6 

6.5 

6.3 

6.3 

25,000 

25.0 

10.0 

65 0 

Sweet 

128 

6.9 

6.6 

6.6 

ls«1 

6.2 

30,000 

26.0 

0.0 

74 0 

Slightly sour 


6.9 

6 6 

6.5 

6.4 

6.2 

140,000 

33.0 

6.0 

61.0 

Slightly sour 


6.9 

6.6 

6.5 

6.4 

6.2 

300,000 

65.0 


34 0 

Slightly sour 

125 

6.9 

6.6 

6.5 

6.4 

6.1 

130,000 

20.0 

30.0 

50.0 

Sour 

126 

6.9 

6.7 

6.5 

6.3 

6.1 

200,000 

50.0 


45.0 

Sour 

124 

6.9 

6.5 

6.4 

6.1 

6.0 


75.0 

0.0 

25.0 

Curd 

mm 


6.8 

6.6 

6.4 

6.0 


40.0 

13.0 

47.0 

Slightly sour 

mm 


6.6 

6.6 

6.6 

6.0 



8.0 

85.0 

SI ghtly sour 

mm 


6.8 

6.6 

6.3 

5.8 


17 0 


81,0 

Slightly sour 

22 

6.8 

6.6 

6.6 

6,4 

5.8 


21.0 



Slightly sour 


hours. As the table shows that any where from 13 to 90 per 
COTit of the bacteria may be classified as “inert” it would seem 
that an accurate count of the number of bacteria present is of 
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little value in judging whether or not a milk is suitable for a 
particular purpose. A method which would actually measure 
the changes which the bacteria present might bring about under 
favorable conditions should be valuable. 

It was shown in table 1 that a milk having an eight hour pH 
reading somewhere between pH 6.6 and pH 6.1, or more might 
be expected to sour in less than twenty-four hours. This is 
borne out in table 2 where all samples with readings of pH 6.2 
or more are reported sour at the end of the twenty-four hour 
period. 

In this table the bacterial count by the plate method is found 
to check in a general way with the pH readings. The first five 
samples of the table with an average change at the end of eight 
hours of only pH 0.1 have an average bacterial count of 6000 
per cubic centimeter while the last five samples of the table with 
an average change at the end of eight hours of pH 1.1 have an 
average bacterial count of 690,000 per cubic centimeter. 

In table 3 are tabulated the results of an examination of milk 
at a city milk plant. About forty samples were taken which 
varied but little from the thirteen tabulated. In this work the 
milk was tested as it arrived from the farm as number 1, 2, 3, 
etc. Duplicate samples of the same milk were again tested after 
twenty-four hours at room temperature as number la, 2a, 3a, 
etc. 

The samples held at room temperature for twenty-four hours 
were in such condition that the readings at the end of five hours 
would have condemned them for market milk purposes. The 
condition of this milk could have been detected as early as the 
end of one hour if readings had been made at that time. 

The results tabulated in table 4 show the change in keeping 
quality of milk as represented by change in pH due to holding at 
various temperatures. Ten samples of milk were taken as de- 
livered to a city milk plant and each divided into four portions. 
Change in pH readings were tabulated after treating as follows: 
one portion tested at once and the other three portions held for 
five hours at temperatures of 1®C., 21°C., and 37°C. respectively 
and then tested. 
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The results tabulated in this table show that the samples 
held at 37°C. for five hours were in a condition which would 
make them unfit for market milk purposes. The samples held 
at 21®C. for five hours in every instance show a more rapid 
change than do the original samples. The samples held at 1®C. 

TABLE 3 


Comparison of new and old milk 


BAMPLS 

MUMBBR 

COLORIMXTBIC pH 

1 

APPROXIMATE 

MICROSCOPIC 

COUNT 

CONDITION OF MILK HXDD AT 

2 rc. 

Start 

6 hours 

0 hours 

Thoms 

Shoura 

1 

6.9 

6.8 

6.8 

6.8 

6.7 

10,000 

24 hours, sweet 

la 

6.9 

6.8 





6 hours, sour 

2 

6.8 

6.8 

6.8 

6.8 

6.8 

10,000 

24 hours, sweet 

2a 

6.8 

5.8 





6 hours, sour 

3 

6.8 

6.8 

6.6 

6.2 

5.8 

10,000,000 

10 hours, slightly sour 

3a 

6.8 

5.8 





6 hours, sour 

4 

6.8 

6.8 

6.6 

6.5 

6.3 

10,000,000 

20 hours, sour 

4a 

6.8 

5.8 





Start, sour 

5 

6.8 

6.8 

6.6 

6.4 

6.0 

10,000,000 

10 hours, sour 

5a 

6.8 

5.8 





Start, sour 

6 

6.9 

6.8 

6.8 

6.8 

6.8 

10,000 

24 hours, sweet 

6a 

6.8 

6.4 

6,4 

6.3 

5.8 


24 hours, sour 

7 

6.8 

6.8 

6.8 

6.7 

6.7 

10,000 

30 hours, sour 

7a 

6.8 

6.5 

6.4 

5.8 



6 hours, sour 

8 

6.8 

6.8 

6.9 

6.8 

6.7 

40,000 

30 hours, sour 

8a 

6.8 

6.4 

5.8 




6 hours, sour 

0 

6.8 

6.8 

6.8 

6.8 

6.7 

30,000 

30 hours, sour 

9a 

6.8 

6.2 

6.0 

5.8 



6 hours, sour 

10 

6.8 

6.8 

6.9 

6.8 

6.8 

12,000 

30 hours, sour 

10a 

6.8 

6.6 

6.2 

5.8 



6 hours, sour 

11 

6.8 

6.8 

6.8 

6.8 

6.6 

30,000 

30 hours, sour 

11a 

6.8 

5.8 





6 hours, sour 

12 

6.8 

6.8 

6.8 

6,8 

6.8 

12,000 

30 hours, sour 

12a 

6.8 

6.4 

6.2 

5.8 



6 hours, sour 

13 

6.8 

6.8 

6.8 

6.8 

6.8 

20,000 

30 hours, sour 

13a 

6.8 

1 6.3 

6.0 

5.8 



6 hours, sour 


in some instances show an improved condition over the original, 
others remain the same. The remainder show a poorer condition 
after storage at 1®C. for five hours. 

This table shows the interesting fact that some samples of 
milk when held at the freezing point are actually improved in 
quality while others show a poorer quality as indicated by this 






KEEPING QUALITY OF MILK 


163 


TABLE 4 

Change in pH due to holding at varying temperatures 


Sample 1: 

As taken 

5 hours, 1®C. 
5 hours, 21 ®C 
5 hours, 37®C 
Sample II: 

As taken 

5 hours, 1®C. 

5 hours, 21®C 

6 hours, 37®C 
Sample III: 

As taken 

5 hours, 1®C. 
5 hours, 21 ®C 

5 hours, 37®C 
Sample IV: 

As taken 

6 hours, 1®C. 
6 hours, 21 ®C 

5 hours, 37®C 
Sample V: 

As taken 

6 hours, 1®C. 
5 hours, 21®C 
5 hours, 37®C 

Sample VI: 

As taken 

5 hours, 1®C. . 
5 hours, 21 ®C 
5 hours, 37®C 
Sample VII: 

As taken 

5 hours, 1®C. 
5 hours, 21®C 
5 hours, 37®C 
Sample VIII: 

As taken 

5 hours, 1®C. 
5 hours, 21®C, 
5 hours, 37®C 
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TABLE 4 — Continued 


pH 



1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

6hours 

7 hours 

8 hours 

Sample IX: 

As taken 





6.8 

6.8 

6.8 

6.7 

6 hours, 1®C 





6.8 

6.8 

6.5 

6.5 

6 hours, 21°C 





6 8 

6.8 

6.4 

5.8 

6 hours* 37®C 

6.8 

6.7 

6.7 

6.5 

6.1 

5.8 

Sample X: 

As taken 

6.8 

6.8 

6.7 

6.2 

5 hours, 1®C 

i 




6.8 

6.8 

6.5 

6.4 

5 hours, 21®C 





6.8 

6.7 

6.5 

5.8 

5 hours, 

6.8 

6.6 

6.5 

6.0 

5.8 






method. The probable explanation of this is that the bacterio- 
logical equilibrium is disturbed in some instances due to the 
effect of cold, and as a result the samples have either better or 
poorer keeping quality. Work is under way to determine the 
influencing factors involved. 

These results plainly show the practical application of this 
test and its value to investigators. 

pin table 5 a provisional classification of the suitability of 
milk as judged by this test has been attempted. It will be seen 
that the milk in this table is divided into seventeen classes de- 
pending upon the activity of the bacteria present. The pH 
readings have been converted into per cent for practical purposes. 

In testing milk from dairy farms samples in very bad condition 
may be picked out at the end of one hour, two hours, three 
hours, and on up to eight hours depending upon the condition 
of the milk, but the longer the tubes are allowed to incubate the 
more accurate are the results obtained — ^providing the reading 
of the pH does not go above 6.8. 

The standard set up for milks for various purposes as shown 
in the table are tentative and can only be permanently placed 
after much experiment and observation. 

Milk with a score of 60 is stated to be suitable for condensing 
but it is realized that milk for the several condensery products, 
may be suitable if having a slightly lower score or may require 
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a higher score. The same may be said of milk intended for 
market milk supply. 


TABLE 8 


Provisional classification of milk as to use for which suited — dependant upon activity 
of bacteria and enzymes present 


RVADINO 

pH 

SCORE 

MILK SUITABLE FOR 

hoWB 

1 

6.8 

20 

Condemning 

2 

5.8 

25 

Condemning 

3 

6.8 

30 

Condemning 

4 

6.8 

35 

Skimming and butter-making 

5 

5.8 

40 


6 

5.8 

45 


7 

5.8 

50 


8 

5.8 

55 


8 

5.9 

60 


8 

6.0 

65 

Condensing 

8 

6.1 

70 


8 

6.2 

75 

Cheese-making 

8 

6.3 

80 

Milk Plant supply 

8 

6.4 

85 


8 

6.5 

90 


8 

6.6 

95 


8 

6.7 

100 



CONCLUSIONS 

This method provides a simple and accurate means of measur- 
ing the activity of bacteria and enzymes present in the milk. 
The principal advantages over methods now in use are mentioned 
below. 

The method does not measure the number of dead, inert, or 
living bacteria present in a sample of milk but does measure the 
ability of any enzymes or bacteria present to bring about 
changes. 

The poorer samples of milk may be picked out at the end of 
one hour and the best samples given their proper grade at the 
end of eight hours. 

The poorer the keeping quality of the milk, the sooner the 
results are obtainable. 
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The cost for material is one tube of broth for each sample 
tested. 

There is no expensive equipment necessary. 

A trained technician is not required. Any intelligent person 
may be trained to grade milk by this method in a few days 
time. 

Over a hundred samples of milk may be easily examined 
each day if the comparator designed by Cooledge (4) is used. 

These advantages should make this method a valuable aid to 
city milk plants, condenseries, ice cream factories, cheese fac- 
tories, and city, town and village health departments. 

By this method it is an easy matter to determine which of a 
dairy’s patrons are delivering an unsatisfactory milk. Advice 
in regard to sanitation may then be given where it is needed 
without causing the ill feeling which results from giving advice 
to the patron delivering a good grade of milk. 

Work which is under way will show the application of this 
method to pasteurized milk and to ice cream. 
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BOOK REVIEW 

Milk, Paul G. Heinemann. Philadelphia, Pa., W. B. Saunders 

Company. 

Students of the milk problem are under obligation to Dr. Heinemann 
for having condensed a large amount of usable and important infor- 
mation into a volume of less than 700 pages. “Comprehensive” is 
the best descriptive term to apply to this new book dealing with a 
much discussed and investigated subject. Because of the range of 
topics covered it is sure to attract a wide circle of readers. 

Users of the book gain from the fact that its author has had oppor- 
tunity to observe the reaction of students to the material presented. 
As a result he has been discriminating and careful in the selection and 
presentation of material. The subject matter of the book, like the 
lectures on which it is based, covers the physical and chemical proper- 
ties of milk, the biology of milk including bacteriology, and methods 
of producing and distributing milk. 

The selection of titles for the bibliographies given at the end of each 
chapter shows the author to be familiar with the important develop- 
ments in each of the fields discussed. The bibliographies are not com- 
plete, but are sufficiently so to open up the fields under consideration. 
A careful reading of those portions of the book with which the reviewer 
himself is most familiar failed to reveal any of those slips in statement 
of fact which are so hard to avoid in a book of this type. — R. S. Breed. 
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ORGANIZATION OF INVESTIGATION IN 
AGRICULTURE* 

E. W. ALLEN 

Chiefs Office of Experiment Stations, United Slates Department of Agriculture, 

Waslmigton^ D. C, 

The organization of investigation with a view to a larger 
measure of cooperation among institutions and workers, and 
greater attempt toward coordination, is at present perhaps the 
livest subject connected with scientific research. Hardly an 
address is delivered which does not touch upon this subject, 
and very many in the past year have dealt primarily with it. 
The idea is not new, as the work of this Association testifies, 
but it has been given new force and far broader scope in the 
past few years. 

This association is well-nigh a pioneer in that field, and the 
systematic study it has devoted to the details and means of 
accomplishing the ends sought has made it one of the going 
agencies in this line. There is something stimulating in knowing 
that the idea the Association has stood for is gaining ground, and 
we may feel a new conviction that in this effort we are on the 
right track and in the line of progress. It may be interesting 
to reflect briefly on the recent growth of efforts in this field. 

The war gave a great impetus to cooperative effoil in all 
directions, including agriculture. It developed the National 
Research Co\mcil, which is founded in the idea of cooperative 
and coordinated effort. It gave so many illustrations of useful- 
ness that the Council has been made permanent, and is now 
organized on a generous plan which embraces a division for the 
biological sciences and agriculture. The prime purpose of the 
Coimcil is to afford opportunity for cooperation and to assist 
in bringing it about, without itself having part in the investi- 
gations. It aims to serve as a stimulating agency, rather than 

^Read at the Atlanta meeting of the Association of Southern Agricultural 
Workers, February 26, 1920. 
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to build up within itself means for carrying on research or for 
subsidizing it. It does not purpose to centralize the adminis- 
tration of research but to popularize it, to direct attention to 
the need for it, and to democratize efforts at organization for 
specific lines of inquiry. As you have seen, the Council has 
recently received from the Carnegie Corporation a gift of 
$5,000,000, one million of which is to be used for erecting a build- 
ing in Washington as a permanent headquarters of the Council 
and the home of the National Academy of Sciences. 

The divisions of the Council embrace many committees. One 
of these on nutrition is to consider problems in the field of animal 
as well as human nutrition, and another relating to fertilizers 
and soils has recently undertaken to catalogue, with the aid of 
the Office of Experiment Stations, all the projects bearing on 
this field which are now under way at the experiment stations, 
in the Department of Agriculture, and at other institutions in 
this country. Such a classified list of live undertakings may 
serve as a basis for cooperative or coordinated attack, and it 
may later furnish the means for a thorough digestion of the 
investigation in particular lines, in order to determine what may 
be accepted as established and what next steps are indicated. 
The work of the National Research Council bears, therefore, on 
that of this Association, and it seems not improbable that to an 
extent the two may join hands. 

The Association of Land-Grant Colleges has, as you know, 
taken a definite stand in favor of cooperation and proposed the 
formation of a joint committee with the Department of Agri- 
culture, to be known as an agricultural research council. As 
yet but little progress has been made in consummating the idea, 
but the step is a most interesting one as evidencing the present 
attitude of experiment station workers. Various other organi- 
zations, such as the botanists, pathologists, agronomists and 
the chemists, are committed to the idea of encouraging organized 
research. 

That cooperation in research of various types and grades is 
feasible and practical there is increasing evidence, drawn from 
experience in lines where it has been going on. Dr. Hale, of 
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the National Research Council, has called attention to a number 
of notable examples in astronomy, physics, engineering, geology, 
and chemistry. Tn the study of sediments and sedimentary 
deposits, for example, the geologist must have the help of the 
chemist; and, as Dr. Hale points out, ''it is easy to see how an 
investigator choosing to deal with some aspect of this large, 
general problem would be assisted by information regarding 
related work planned or in progress, and how readily as a member 
of the group he could render his own researches more widely 
useful and significant.” In connection with one of the under- 
takings referred to. Dr. Hale mentions that certain specifications 
were formulated but those who took part were not bound by any 
rigid rules. On the contrary, as he says, "they were encouraged 
to make every possible innovation in the manner of attack in 
order that obscure sources of error might be discovered and the 
highest possible accuracy in the final results obtained. The 
outcome demonstrates most conclusively that organized effort 
and freedom of initiative are by no means incompatible.” 

The organization of investigation logically begins with the 
individual station. To a considerable extent the present policy 
and program are largely an accumulation of the past. Hence 
changes may be brought about only slowly. The war led to a 
review of station projects and the stressing of certain ones of 
special importance. In a number of cases this has had a perma- 
nent effect and resulted in a revision of the entire station program. 
I have been much impressed with the systematic attempts at 
several stations to develop a program of work which would 
be not only more live but more definitely adapted to the special 
problems and needs of their localities. For example, one station 
appointed a committee on projects to review the whole list, 
ascertain the status of each project, the time it had been going, 
the progress it was making, its prospects and importance, and 
the work necessary for its completion. This committee under 
the supervision of the director made a catalog showing for each 
project the publications issued upon it, its relation to other work 
of the station, its adequacy, and the future plans of the leader. 
The latter appeared before the committee and discussed his 
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projects, explained their importance, and in the end recommended 
what ones should be continued and what should be brought to 
a close as soon as feasible. 

The advantage of such a review must be apparent. Each 
project stood on its own merits. Some which had been drifting 
but had been using up money were detected, and their future 
decided. In this way a conservative and safe means was pro- 
vided of sifting out the less active or important as soon as prac- 
ticable, and a basis birnished for a live, active project list. You 
will recognize that it furnished the best possible means for estab- 
lishing cooperation and coordination within and without the 
station. 

At another station a research committee was appointed to 
revise the project list in much the manner referred to above, 
but in addition to construct a program of station work designed 
to better cover matters of prime importance and less dependent 
on chance or special preference. To this end the heads of depart- 
ments, extension specialists, and county agents of the state will 
canvass the needs for investigation, and the suggestions presented 
will be weighed and incorporated in an adequate constructive 
program of investigation. Other stations have taken similar 
steps, but there are indications that the practice might well be 
more general. 

Most stations have too many projects. They are to some 
extent accumulations, and represent a desire of individual workers 
to have a considerable list of undertakings. To this extent they 
embody a false idea, an ambition not in accord with the present 
views of investigation. It is desirable to encoxirage narrowing the 
scope in many cases, and organizing the work so that it will be 
more definitely centered on specific questions of limited range. 
The very fact that stations have forty, fifty, and even a hundred 
projects shows how widely their efforts are being scattered, how 
far they fail of concentration. 

How many projects did Hellriegel have when he set about 
settling once for all the long contested question of whether 
legumes take nitrogen from the air? The famous Rothamsted 
station has always limited its efforts quite definitely. It has 
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concentrated on special questions, and has broadened its field 
of investigation almost entirely as a result of questions which 
the progress of these studies developed. Hilgard concentrated 
the work of his station on soils and their utilization, expanding 
his program only gradually as new funds came. One of the chief 
reasons why Hopkins met with such success in his studies was 
that, although they covered a quite wide range, they were 
definitely and consciously centered in his purpose to develop 
principles of soil fertility and permanent agriculture. 

The specialist with only two or three projects may accomplish 
more for his own reputation and for the permanent benefit of 
practical agriculture than one who is attempting to carry a dozen 
or twenty, as some unfortunately are. It is an aid to the man 
with a long list of projects to have this list reviewed by others 
in a sympathetic but critical manner, and account of stock taken. 
It helps him to discard or terminate those he may have been 
doubtful about, and to direct his efforts along more constructive 
channels. 

Such a scrutiny provides not only against a scattering of effort 
but against superficial, intermittent work. It may even affect 
the composition of the staff itself. Station staffs have been 
made up in the past largely on the basis of departments instead 
of problems. The reason for this is clear and need not be elabo- 
rated; stations have often had to make the best of the material 
at hand. But with a larger number of persons now assigned 
primarily to research, the special needs of the station and the 
lines it plans to study may well figure in the search for a worker 
and the assignment of duties. In other words, men may be 
sought to do definite things. 

Too often a botanist or a chemist or an animal husbandman 
has been brought into the staff because there was a vacancy, 
and then asked to outline some projects, and perhaps told that 
as he was to be paid partly from the Adams fund he must get 
one or two lines that would fit that fund. More rarely perhaps 
is he advised of the station's program and invited to take hold 
of some phases of problems included in this program, to occupy 
at least a part of his time. How different is the case with an 
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industrial concern which opens research laboratories! The latter 
has certain problems to be worked out and is on the lookout 
for others in its field which are likely to prove profitable. 

Such a selection of men to carry forward predetermined lines 
is entirely feasible in the case of station forces. When the 
director of the Maine Station went in search of a biologist he 
had a very definite purpose in view, and although the man he 
selected had never worked in that particular line and was not 
familiar with poultry raising, he was thoroughly trained, and 
he adapted himself to the situation, developing a department 
of research of national reputation. There are, of course, many 
similar illustrations which go to reinforce the feasibility of the 
station itself making and shaping the general plan of operations, 
and giving it direction, instead of leaving it to the various depart- 
ments working independently, or making it contingent on the 
individual ability of the teaching staff. 

It is becoming clearer with the development of station work 
that in large measure it should be organized around problems. 
In this the relations of the various departments need to be con- 
sidered. Broad questions will often involve cociperation, or a 
division of the inquiry between departments. This may mean 
either a close working together, or an approach from different 
standpoints, or the taking up of separate but essential phases 
of the question. It may even involve one department working 
for another or imder its direction for the time being. 

In the drift toward specialization, scientific men have more 
and more segregated themselves into groups each of which con- 
fines itself to the study of a special and often narrow field. Spe- 
cialization represents a great advance. It recognizes the deeper 
insight, the necessity of intensive study, and a differentiation of 
field and of skill. But specialization is opposed to generalization 
and may unfit men for it. 

While specialization has served greatly to advance scientific 
knowledge, there is a danger in its isolation of retarding the 
solution of complex problems like those in agriculture. These 
problems have often been worked upon from the standpoint of 
the individual specialist, without particular reference to what 
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investigators in another branch are doing. From the standpoint 
of the individual a special phase and not the broad problem may 
become the unit. It does not necessarily require a specialist 
to see a problem, and he may not see it in its entirety. The 
analysis of a question is an important step toward its study, and 
such analysis often needs the combined insight of specialists in 
different fields. Hence the advantage of organization of research 
around problems in such a way as to unite this viewpoint and 
means of attack. 

Some men are more resourceful in planning and conducting 
investigation than others. There are some who are natural 
leaders, and others who do their best work in association. It is 
the business of the director to determine this and to use his force 
and facilities to the best possible advantage. It is one of his 
functions to study the workers and their work, to determine 
whether the latter is progressing as it should, to ascertain its 
needs if there are weak points, and to provide help from another 
department where it is required. He should form a judgment 
of the members of his staff, and until he has that there is little 
warrant for authorizing large undertakings. We ought to avoid 
experimenting with men as far as possible. 

Economy of the supply of workers, and especially those of 
outstanding ability in research, suggests utilization of their 
talents to the utmost. Research is not alone for the few if 
proper guidance can be supplied. Leadership is of great im- 
portance to make most highly effective the work of the rank and 
file. The history of science shows to how large an extent dis- 
coveries and important deductions have rested upon long series 
of accurate observations requiring care and patience, but not 
necessarily great genius. '^The method of science is not a mysteri- 
ous gift of genius but a practical tool in the discovery of facts 
and their application to the problems of everyday life.’^ Much 
credit, therefore, belongs to the patient workers whose efforts 
help to make discovery possible provided their work is so done 
that it can be knit together. 

A man^s inherent right to work independently depends first 
on his ability and his particular problems, and second on the 
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requirements of the station program. Such right may never 
mean freedom from supervision or direction. It should not be 
forgotten that the workers in an experiment station are members 
of an organization, bound together by a common interest and 
purpose, and subject in the final analysis to the general plan of 
a public service institution. This does not imply any narrow 
view, the sacrificing of ambition, or the subordination of indi- 
viduality, but it implies loyalty to a cause and to an organization. 
It means, what has long been clear and freely admitted, that 
many of the intricate problems in agriculture are larger than 
any individual, and that their solution as rapidly and completely 
as is humanly possible is something the public has a right to 
expect from these institutions. It is natural therefore that 
stations should frequently find it desirable to combine their 
labors and their forces. The fact that the director and his staff 
constitute the experiment station, and that they themselves in 
very large measure determine its working program, makes it a 
singularly democratic institution in which loss of individuality 
need rarely be feared. Merit will tend to attain its proper level. 

Dean Thatcher, of Minnesota, has recently made a strong 
appeal for the adoption of ‘^such a real spirit of cooperation as 
will bring to the solution of our problems the combined results 
of training and experience of all the workers who can contribute 
anything to either the immediate progress of an investigation 
or its final practical application.'' To develop such a spirit, 
he describes the conference groups of scientific workers which 
have been established at the Minnesota Station. The purpose 
is to provide an opportunity for frequent discussion and friendly 
criticism of the methods and results of research in progress, 
and to insure that when any new project is being considered all 
phases or scientific aspects of the problem may be given due 
consideration and properly provided for. The result has been 
a very pronounced growth of the general spirit of cooperation 
at that station. The plan is worthy of wider introduction. 

A natural effect of thoroughly organizing the work may ulti- 
mately be felt in the type of problems attacked. There will, 
of course, be many projects which aim at the settlement of some 
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single fact or local question, but more and more the type of 
problems to be studied will be such as relate to broad funda- 
mental questions of permanent character and wide application, 
bearing ultimately on the formulation of good agricultural policy 
and practice. These from their nature will inevitably call for 
relating the work of different departments, and suggest cooper- 
ation both in attack and in interpretation. General principles, 
broad underlying facts, and the understanding of their limita- 
tions and controlling factors, have a far more enduring value than 
results which pertain to minor questions or deal primarily with 
local aspects or conditions. 

When the work of a station has been well organized, when 
each house has been set in order, the way is more clear for arrang- 
ing for effective cooperation or coordination between stations. 
This should not be on too extensive a scale, especially at the 
outset, and should be as free as possible from complications 
and cumbersome machinery. A small number of undertakings 
are more likely to succeed than if the attempt is made to bring 
a large part of the work into cooperation. A few things well 
and satisfactorily done are more important than many less 
effective ventures. It is by success in cooperative effort that 
the plan will win friends and conviction, and will grow by its 
own force if the means are provided. 

For most of the experiment stations the organization of their 
work with reference to what others are doing is no longer a matter 
of preference alone, but in a greater measure is impressed upon 
them by present conditions. Insufficient funds make such action 
necessary if the stations are to cover the field and render the 
service expected of them. Individual workers and separate 
stations have their quite distinct limitations, and their efforts 
may be materially supplemented and strengthened by those of 
other institutions. It should be realized that joint effort is a 
means of making the work of each station and each individual 
worker more effective. 

The American stations comprise a system having a common 
purpose, as well as local responsibilities, and confronted with 
many problems common to regions extending far beyond state 
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boundaries. The stations do not exist merely to themselves or 
for their states. They have a unity of purpose, and a range of 
interest which is not confined to the local aspects of problems. 
They are interdependent. They can economize their time and 
funds, and make their efforts more productive of sound conclu- 
sions by so relating their work as to cover certaip problems com- 
pletely, make the attack more concentrated, and the results 
more readily comparable or intelligently harmonized. 

Cooperation may lead to a more intensive study of the nature 
of the problem — ^what it really involves, what featiues or branches 
of science are included in its manifestations, and hence the means 
of approaching it, instead of viewing it from a one-sided, indi- 
vidualistic standpoint, or in the practical form in which it comes 
up to the station. One great need is a more careful definition 
of problems. In agriculture they are unusually complex, and 
the factors they embrace are often quite obscure. We are apt 
to see these problems in their composite character, as involved, 
practical questions, rather than in their fundamental aspects. 
Attempts to solve them in such form really aim at providing 
empirical rules for farming and usually lead to results which are 
themselves largely empirical. 

Cooperation and correlation may result in minimizing dupli- 
cation. Repetition is all right if warranted, but we all know 
there has been a vast amount of going over similar ground in 
a similar way without adding anything new that is material or 
contributing to the final solution. There is, of course, little 
reason for duplication which is not constructive and fails to take 
account of what has gone before. 

Then again the lack of cooperation and better understanding 
has had an unmistakable effect on the public. Fragmentary, 
inconclusive and discordant results have led to criticism and 
lack of confidence. There is still need to inspire the confidence 
of the public, to create the feeling of dependence on the teachings 
of experimentation, and above all to avoid confusing the farmer 
and his teachers. 

If the extension workers are to bank on experiment station 
results and conclusions, the latter must be well fortified and 
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beyond the controversial stage when they are given out for 
popular consumption; we should agree fairly well among our- 
selves, or understand why we do not agree without reservations. 
I think the station bulletin is an improper place for criticism 
and controversy. These are appropriate in their place, but 
their proper place is the scientific journals and the meetings of 
specialists. In the station bulletin they are likely to be mis- 
interpreted and to weaken the position of investigators. 

One essential to joint effort is the provision of conference of 
those involved or disposed to join hands. Nothing can take 
the place of this in organizing work, and in analyzing and 
determining what should be covered in the solution of a problem. 
Cooperation must be a democratic effort. A centralized, made- 
to-order plan, to be followed rigidly by those who participate, 
starts off wrong. Cooperation should begin with the outlining 
of the problem and the making of the plan. It is in this that the 
different views and breadth of knowledge of facts and conditions 
are of great advantage. Out of the exchange of ideas and the 
discussion of the real nature of the question at issue there should 
come more carefully digested and effective plans for attack. 

Finally the plan should preferably be as simple and elastic 
as the subject will permit, leaving as much latitude as possible 
to individual initiative, preference, and ingenuity. The whole 
effort should be informal, but at the same time it should not be 
without coherence and follow-up, or it will disintegrate into 
unrelated, independent effort. 

The most important thing at this time, therefore, is to recognize 
the advantage and develop the spirit of cooperation. The next 
is to provide the opportunity and means for it. There needs to 
be a wider knowledge of what is being done and where, such as 
you have attempted to provide, and there should be free inter- 
course among those engaged in common undertakings. I think 
it is becoming apparent that we have less and less to fear from 
unworthy competition as a result of exchange of ideas, and more 
and more to gain from combined and coordinated effort. 
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INTRODUCTION 

The present study pertains to the seasonal cost of producing 
milk for direct consumption. Numerous organizations in vari- 
ous parts of the United States have made from time to time 
many studies of the cost of milk production, but in most in- 
stances these data involve what is known as the year cost of 
milk production. Little or no attention has been given to the 
seasonal variations in the cost of producing this important 
commodity. 

The question of seasonal variations in the cost of fat produc- 
tion was discussed briefly in 1914 before the American Farm 
Management Association and later the proceedings were pub- 
lished by the association. ^ The present study presents quan- 
titative results which set forth in rather precise form the large 
variation in the cost of producing milk for urban consumption 
in the different months of the year. 

SOURCE OF DATA 

The Department of Daily Husbandry has been carrying 
on detailed cost-accoimting investigations pertaining to various 
problems of dairy farm administration since 1912. The data 
presented in this bulletin involve eighteen of the thirty-six farms 
included in the study of the year cost of milk production pub- 
lished as Bulletin 216 of this station.* 

^ Proceedings of 5th Annual Meeting of American Farm Management Asso- 
ciation. 

* Pearson, F. A. The Cost of Milk Production Computed on Year Basis. 
1919, p. 24. 
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COW COST OF MILK PRODUCTION BY MONTHS 

The cow cost of milk production involves only the main- 
tenance of the bulls and the milking stock; the cost of rearing 
the young stock is not included. The milking herds are main- 
tained by purchasing cows or by replacing depleted stock with 
heifers raised in the herd. 

The data presented in table 1 involve 407 cows and 19 bulls, 
the cows producing 2,806,277 pounds of milk at a net cost of 
$48,479.67, or $1.73 per hundredweight. It will be noted that 
the net winter cost of producing this milk was $31,669.94, or 
$1.98 per hundredweight, and the summer cost, $16,809.73, or 
$1.40 per hundredweight. The monthly cost varied from $1.15 
per hundredweight in June to $2.08 in December and February. 

VARIATION IN FEED EXPENSE 

For the herds under consideration the feed expense per hun- 
dredweight of milk produced, varied from 40.1 cents in June to 
$1.41, or over three times as much, in December, with an average 
of $1.05 for the year. For the winter months the feed expense 
aggregated $21,307.29, or $1.33 per hundredweight of milk, and 
for the summer months, $8,159.56, or $0.68 per hundredweight 
of milk. 


VARIATION IN LABOR EXPENSE 

The expense of man labor per hundredweight of milk pro- 
duced varied from 27.9 cents in June to 41.0 cents in December, 
with an average of 36.3 cents for the year. During the winter 
six months an average of 11.7 hours per day of man labor vras 
spent on each herd, while in the summer months an average of 
only 7.9 hours per day was used. 

While the variations exhibited in the labor expense are not so 
great as those shown in feed expense, they are still great enough 
to contribute materially to the large variation in the total cost 
of production. 



TABLE I 

Cow cost of milk production for the year and for each month of the year 
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WINTEB MONTHS 

April 

1 

272,607 

$3,015 83 
16 13 
972.48 
575.35 
197.68 
205.22 
196.20 
169.04 
34.08 

$5,382.01 

$513 26 
66.74 

8 

$4,802.01 

1.76 

1 March j 

i 

$3,691 92 

1,109 82 

622.14 
197.68 
243.98 

212.15 
182.79 

36.85 

$6,297.33 

$523.24 
72 81 

5 

6 

$5,701 .28 
1.93 

1 February 

267,295 

$3,799 18 

1,031 67 
m 14 
197.68 
205 60 
192 38 
165 75 
33 42 

$6,189 82 

$545 04 
91 01 

$636 05 

$5,553 77 
2.08 

January I 

278,653 

$3,855.00 

1,063.42 
588.11 
197.68 
217.37 
200 55 
172.79 
34 84 

S 

S 

c-o 

$540 97 
212 35 

$753 32 

00 Z 

December j 

262,129 

$3,681 69 

3 56 
1,074.75 
553 24 
197.68 
231 36 
188 66 
162 55 
32 77 

$6,126 26 

$516 21 
151 67 

$667 88 

^ § 

November 

227,269 

13,151 30 
92 68 
878.56 
479 68 
197 68 
173 85 
163 57 
140 94 
28 40 

s 

$485 91 
242 69 

$728 60 

$4,578 06 
2.01 

TEAR 

2,806,277 

$27,538.52 
1,928 33 
10,193 90 
5,922 83 
2,372 16 
2,274 38 
2,019 72 
1,740 17 
350 83 

SE 

$3,695.17 
2,166 00 

$5,861 17 

$48,479 67 
1.73 


Milk production in pounds. . . 

Items of expense: 

Feed other than pasture . . 

Pasture 

Man labor 

Live-stock depreciation. . 

Interest on stock 

Horse labor 

Use of buildings 

Miscellaneous 

Use of equipment 

Total 

Returns not milk: 

Manure 

Calves 

Total 

Net cost 

Net cost per hundredweight . . 





184 


F. A. PEARSON 


QUANTITIES OF FEED AND LABOR PER HUNDREDWEIGHT OP MILK 

By an inspection of table 2 it will be noted that with the cow 
as the unit of computation, the value of the man labor, grain, 
hay, dry forage, and succulent feeds represents 77.8 per cent of 

TABLE 2 

Cow cost of milk 'production: Ainoimts of man labor and feed other than pasture 
required to produce 100 pounds of milkf and the percentage which the value 
of these forms of the net cost 



TEAS 

WINTJCB MONTBB 

Janu- 

ary 

Febru- 

ary 

March 

A pril 

No- 

vember 

Decem- 

ber 

Winter, 

six 

months 

Man labor (hours) 

2 29 

2 39 

2 43 

2 39 

2 26 

2 42 

2 56 

2 41 

Feed 

Grain (pounds) 

Hay (pounds) 

Other forage (pounds) 
Silage (pounds) 

32 4 
36 4 
25 9 
154 0 

41 5 
58 0 
49 1 
204 2 

51 6 

52 5 
41 1 

183 4 

48 3 
47.1 
35 6 
154 7 

39 8 
43 2 
24 6 
162 8 

40 0 
60 1 
55 9 
183.8 

41 7 
59 1 
49 4 
214 6 

43 9 
53 0 
42 1 
183 2 

Percentage that feed and 
labor form of net cost . 

77 8 

88.] 

87 0 

84 2 

83.1 

88.0 

87 1 

86 3 


BUMMER MONTUB 

May 

June 

July 

! 

August 

Sep- 

tember 

October 

Sum- 
mer, SIX 
months 

Man labor (hours) 

1 85 

1.76 

2 18 

2 58 

2 69 

2 28 

2 15 

Feed 

Grain (pounds) 

Hay (pounds) 

Other forage (pounds) 

Silage 

20 6 
14.9 

0 78 
79 3 

13 7 

1 7 

0 29 
49 9 

13 4 

8 6 

0 37 
91.4 

12 9 

13 8 
0.48 

192.5 

15 5 
20.0 

8 7 
227.4 

26 7 
29 9 
17 8 
130 5 

17 6 
14 2 

4 3 
115 0 

Percentage that feed and labor 
form of net cost 

61.6 

47.3 

54 3 

59 9 

70.7 

76.9 

61 9 


the net yearly cost of producing the milk. The percentage 
which feed and labor constituted varied from 47.3 in June to 
88.1 in January. 

The amount of labor per 100 pounds of milk varied from 
1.76 hours in June to 2.69 hours in September, averaging 2.29 
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hours for the year. The grain fed per 100 pounds of milk varied 
from 13.7 pounds in June to 51.6 pounds in February, averaging 
32.4 pounds for the year. 

The amounts of feed and hours of labor, and the percentage 
which the total value of these forms of the net cost, being deter- 
mined, it is relatively simple to determine the approximate cost 
of milk production for any given i)eriod. The costs being 
expressed in commodities may be converted into terms of value 
by applying farm prices to these units. 

Assuming the prices are as follows the June cost would be: 

Grain 13 70 pounds at S55 per ton = SO 377 

Silage 49 90 pounds at 6 per ton — 150 

Ilay 1 70 pounds at 10 per ton — 009 

Other roughage 29 pounds at 6 per ton = .001 

Man labor 1 76 hours at 25 cents per hour = 440 

Value of feed and labor SO. 977 

Proportion that feed and labor form of total net cost... 47 3 per cent 
Net cow cost of milk per hundredweight S2 07 

Figured in a similar manner, the December cost would be 
$3.30 per hundredweight of milk; the summer cost, $2.34; the 
winter cost, $3.19; and the year cost, $2.81. 

SIGNIFICANCE OF SEASONAL VARIATIONS IN FEED AND LABOR 

EXPENSE 

In the past due significance has not been attached to the 
r61e that pasture plays in dairy farming. The most popular 
method of dispensing with the pasture question has been to 
contrast the total amount of food secured from an acre of pasture 
with the amount secured from an acre of corn silage or alfalfa. 
However, in spite of much advice to the contrary, the dairy 
farmers have continued to make general use of pasture since 
the cheapest food for the summer months is obtained in this way 
and the farmer is enabled to reduce the amount of labor spent 
on the herd. As the months favorable to pasturing stock 
approximately coincide with the crop season, this reduction in 
the amount of labor spent on the herd enables the farmer to 
spend more labor on the crops. 
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On the eighteen fanns under discussion, the man labor devoted 
to the production of milk during the summer months totalled 
27,632.5 hours, an average of 152 hours per day. In the winter 
months it amounted to 43,533.0 hours, or 238 hours per day. 
The difference per day per farm between summer and winter 
was 4.8 hours. 

The expense for feed in the summer months is much less 
than in the winter months. In this study, in the month of 
June, when pastures are best, the feed expense was considerably 
less than one-third the average for the winter months. This 
was due to the fact that much more grain was fed per hundred- 
weight of milk in the winter months than in the summer months. 

Pasture is a crop which is in most cases planted, grown, and 
harvested without much assistance from the fanner. Dairy 
farmers pasture-feCd in the summer, rather than bam-feed, 
because they usually have in pennanent blue grass some land 
which cannot be tilled with profit. Pasture reduces the amount 
of labor spent on the herd and permits more time to be spent 
with the crops during a period when the returns secured from 
labor spent on crops are relatively large compared with returns 
from the herd. If the farmers did not pasture their stock in 
the summer and yet continued in the dairy business, barn-feed- 
ing during the summer months, more buildings would have to be 
maintained to house the additional feed necessary, or fewer 
cows would have to be kept. Farmers without pasture who 
embark in the dairy business and sell to the ordinaiy markets 
have one of two alternatives: either they must bam-feed in the 
summer, or they must turn good crop land into pasture. The 
first alternative, in the absence of a large amount of unpaid 
labor, is very unprofitable. The latter, although unprofitable, 
is probably less so than the former. 

SEASONAL VARIATION IN COST OF PRODUCTION AND THE PRICE 

OF MILK 

The price of a commodity must in the long run cover the cost 
of production or production will be diminished. Milk is no 
exception to this rule. Furthermore, the price of a commodity 




Fig. 1 


These curves indicate that in general the monthly variation 
in the price of milk has followed more or less closely the monthly 
variation in the cost of production. The price of milk tends to 
vary somewhat less than either the herd cost or the cow cost of 
production, not rising so high in the winter nor falling so low 
in the summer. The monthly cow cost per hundredweight of 
milk varies from 122 per cent in February and December to 67 
per cent in June. The price of milk varies from 120.3 per cent 
in December to 70.6 per cent in June. 

* For tabular presentation, see page 356 of Bulletin 216. 
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In the past many persons have recommended a fla]b price for 
milk throughout the year. This recommendation has usually 
been made in the absence of due appreciation of the wide varia- 
tion in the monthly cost of production. A flat yearly price for 
milk is out of the question, as production would tend to concen- 
trate in the summer months of low cost. This would result in a 
supply in the winter season that would not be sufficient to meet 
the demand. 

Other persons, admitting that a flat yearly price is not prac- 
tical have suggested that prices should be on the basis of two 
six-month periods, with the price for the winter months higher 
than that for the summer months. This scheme has many 
advantages over the plan of a flat yearly price, but it would 
still be impossible to set a price that would encourage a fairly 
constant volume of milk throughout the period, because the 
fluctuation in the cost of production is so great from month to 
month. For instance, April is a month during which a large 
volume of milk is produced at a cost considerably greater than 
that for the summer months, but yet somewhat lower than 
that for the winter months. April being between the two 
seasons of high and low prices, is the month during which, even 
under the present scheme of monthly adjustment, the farmer 
producing winter milk probably suffers most. Under a six- 
month scheme the price of April milk would have to be either as 
low as the summer price or else as high as the winter price. 
The former would be a handicap to the producer and the latter 
a burden to the buyer. 

Again, it would not be satisfactory to sell milk in June, when 
there is usually a surplus, at the same price as in August and 
September, when there is usually a scarcity, although these 
months occur in what are known as the summer months. Sim- 
ilar discrepancies could be pointed out for the winter months. 

Owing to the great variation in the monthly cost of milk 
production, a flat price for any extended period would probably 
shift production to the more profitable months. Since milk 
production is so sensitive to changes in prices, the milk producer, 
the milk distributor, and the milk consumer are best protected 
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through a fluctuating price, which insures, so far as it now seems 
possible, a fairly constant supply of milk. If the price of milk 
fluctuates approximately with the cost of production, the dis- 
tributor's supply is automatically regulated, the milk producer’s 
market is protected, and the consmner is assured of a normal 
supply of milk throughout the year. 

CONCLUSIONS 

1. The amount of man labor involved in the production of 
milk is considerably less in the summer months than in the 
winter months. This is true whether based upon the total 
amoimt of labor used on the herd or whether based upon the 
amount involved in the production of 100 pounds of milk. 
Proper significance of this reduction in labor is appreciated only 
when attention is drawn to the fact that these savings in labor 
occur during the pasture season, which coincides with the crop 
season, when the maximum labor is needed in the field. 

2. Aside from man labor, feed, and horse labor, the expenses 
of producing milk are more or less constant throughout the 
year. When all expenses are included, the net cost of producing 
100 pounds of milk in June is about 60 per cent of the year cost, 
and in December about 120 per cent. 

3. With a fluctuating seasonal cost, it is to be expected that 
farmers will tend to concentrate production in the more profit- 
able months. As the urban trade demands a constant supply 
of milk throughout the year, the price of milk must fluctuate 
approximately with the cost of production in order to prevent 
an extreme shortage at one time and a large surplus at another. 
In other words, a properly adjusted fluctuating price for milk 
throughout the year protects the farmer’s market and the dis- 
tributor’s and consumer’s supply. 



A MODIFICATION OF THE HAECKER AND SAVAGE 
FEEDING STANDARDS FOR DAIRY CATTLE 

ANDREW C. McCANDLlSH 
Dairy Hushandary Section^ Iowa State College^ AmeSj loioa 

The feeding standards have now come to be recognized as 
valuable adjuncts to the teaching of the principles of feeding 
and as criteria by which rational feeding methods can be out- 
linci,d. However, consideration must be given to the fact that 
no feeding standard can ever be looked on as determining defi- 
nitely the amounts of nutrients that must be supplied to certain 
animals, for the simple reason that the individuality of an animal 
is a very variable factor and at the same time is the chief one in 
determining the feed requirements of the animal. In addition 
there are certain factors in nutrition, such as the variations in 
the quality of the proteins; the occurrence and distribution of 
the ^^vitamines,’’ and the requirements of the animals for ash, 
that are not considered in feeding standards. In spite of these 
drawbacks the feeding standards are of great value and have 
come to stay. The present problem is to render the standards 
not only more nearly accurate but also more easily applicable. 

All of the standards in use can be considered as modifications 
of the Wolff-Lehmann standard, those of Haecker (3) and Sav- 
age (5) being stated in terms of digestible nutrients while the 
standards of Armsby (1) and Eckles (2) are given in terms of 
digestible true protein and net energy. No effort will be made 
to discuss the accuracy or relative merits of the standards but a 
suggested modification of those based on digestible nutrients will 
be given. 

The Haecker standard (3) is given in terms of digestible crude 
protein, digestible carbohydrate and digestible fat and the use 
of three units of measurement obviously renders it somewhat 
cumbersome. The Savage standard (5) modifies the Haecker 
standard somewhat and is stated in terms of digestible crude 
protein and total digestible nutrients, this latter term being the 
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sum of the digestible crude protein, the digestible carbohydrate, 
and 2-J times the digestible fat. There is a distinct disadvantage 
in using the two terms, digestible crude protein, and total diges- 
tible nutrients. 

When a ration is calculated according to this standard it is 
easy to see where the protein in the trial ration meets the require- 
ments of the standard but it is difficult to determine when the 
carbohydrate equivalent portion of the ration meets the require- 
ments. For example, if the protein requirements should not be 
met with the trial ration and the total digestible nutrients should 
appear to be correct it is evident that the carbohydrate equiva- 
lent portion of the ration is incorrect and a mental calculation 
must be made to determine the necessary amount of carbohy- 
hydrate equivalent that must be added or deducted in order to 
bring the ration into line with the requirements of the standard. 

A still further modification has been made by Morrison (4) by 
simply using the Haecker and Savage protein requirements 
as minima and maxima respectively and giving the requirements 
for total digestible nutrients as the average of the requirements 
of the two standards. In the practical use of the standard the 
range in protein requirements is not used as a general rule, the 
common practice being to use the average of the two for protein 
requirements. 

Consequently, the table presented here has been calculated so 
that the protein requirements given are the averages of those 
called for by the Haecker and Savage standards and the carbo- 
hydrate equivalent requirements of the two Standards have also 
been calculated and averaged. In this way the requirements of 
an animal can be stated in two simple terms — digestible crude 
protein and digestible carbohydrate equivalent — ^which are 
independent of each other. 

The requirements for the production of one pound of milk, 
ranging from 2.5 per cent to 7.0 per cent in butterfat content are 
given. The maintenance requirements for use with this table 
are 0.0700 pound of digestible crude protein and 0.7925 pound 
of digestible carbohydrate equivalent per 100 pounds live weight. 



TABI.E 1 


Digeiitible nutrients required for the production of 1 pound of milk 


FAT IN MII^K 

DiaKSTiBi.1: 

NUTRIENTS 

Crude protein 

Carbohydrate equivalent 

per cent 

pounds 

pounds 

2.5 

0.0459 

0.1999 

2 6 

0 0466 

0.2045 

2.7 

0.0473 

0.2091 

2.8 

0.0480 

0.2139 

2.9 

0.0487 

0 2198 

3.0 

0.0494 

0.2246 

3.1 

0.0501 

0.2295 

3.2 

0.0508 

0.2344 

3.3 

0.0515 

0.2402 

3.4 

0.0522 

0.2453 

3.5 

0.0529 

0.2511 

3.6 

0.0536 

0.2560 

3.7 

0.0543 

0.2619 

3.8 

0.0550 

0 2667 

3.9 

0.0557 

0.2715 

4.0 

0.0564 

0.2774 

4.1 

0.0571 

0.2823 

4.2 

0.0578 

0.2871 

4 3 

0 0585 

0.2919 

4.4 

0.0592 

0.2968 

4.5 

0.0600 

0.3016 

4.6 

0.0607 

0.3061 

4.7 

0 0614 

0.3100 

4.8 

0.0621 

0.3146 

4 9 

0.0628 

0.3183 

5.0 

0.0635 

0.3230 

5.1 

0.0642 

0.3278 

5.2 

0.0649 

0 3313 

5 3 

0.0656 

0.3362 

5.4 

0.0663 

0.3397 

5.5 

0.0670 

0.3445 

5.6 

0.0677 

0.3481 

5.7 

0.0684 

0.3529 

5.8 

0.0691 

0.3575 

5.9 

0.0698 

0.3614 

6.0 

0.0705 

0.3659 

6 1 

0.0712 

0.3697 

6 2 

0.0719 

0.3745 

6.3 

0.0726 

0.3781 

6.4 

0.0733 

0.3840 

6.5 

0.0741 

0.3875 

6.6 

0.0748 

0.3913 

6.7 

0.0755 

0.3948 

6.8 

0.0762 

0.3996 

6.9 

0.0769 

0.4043 

7.0 

0 0776 

0.4070 
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FISHY FLAVOR IN BUTTERS 

J. T. CUSICK 

Dairy Industry Department ^ Cornell University ^ Ithaca^ New York 
INTRODUCTION 

The improvement of the quality of butter has been the aim of 
investigators and manufacturers of dairy products for many 
years. Abnormal flavors and odors in milk, cream, butter and 
cheese have caused the dairyman endless trouble and annoyance. 
To preserve the normal flavor in butter and cheese, the efforts 
of the dairyman have been directed almost entirely in the direc- 
tion of controlling the methods of manufacture of these products, 
while little attention has been given to chemical and bacterio- 
logical changes produced by the various methods used. The 
effect of the various methods of handling and treating milk and 
cream have had little interpretation as to the chemical changes 
produced in these products or the influence of bacterial growth. 
It is noted that chemical changes are produced in cream handled 
in certain ways, and the chemical changes in the pabulum of 
the bacteria must have its influence on the growth of the various 
types of organisms retained in the resulting butter. Butter 
handled one way seldom if ever goes fishy,'' while to diverge 
from this certain method of handling the cream before churning 
would endanger the quality of the resulting product. The 
presence of a chemical substance, having a flavor and odor of 
decomposed fish, must necessarily be produced in the butter by 
synthesis or decomposition of some of the components of the 
cream. As the decomposition of one of the constituents of the 
butter would theoretically give a substance having a fishy flavor 
and odor, it may be concluded in the light of recent investiga- 
tion, that this substance — tri-methylamine — is the cause of 
fishy flavor in butter. What is the r61e played by bacteria in 
bringing about this change is the subject of our investigation. 

^ This work was done in the Department of Dairy Industry, N. Y., State 
College of Agriculture, under the direction of Prof. W. A. Stocking. 
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REVIEW OF LITERATURE 

In 1900, fishy flavor and odor were found in milk by Harding, 
Rogers and Smith (1) at the New York Agricultural Experiment 
Station at Geneva. In this case the milk from a single member 
of a herd of cows was found to have a strong fishy odor and taste. 
However, the reason for the milk from this particular cow being 
^^fishy^^ was not ascertained. An organism suspected of causing 
the abnormal flavor was isolated and various experiments per- 
formed to deteimine if the suspected organism would reproduce 
fishy flavor. No positive results were obtained. 

O'Callaghan (2) (1901) declared that Oidium lactis was the 
cause of fishy flavored butter. Even unsalted butter was 
reputed to have developed this disagreeable flavor. His work 
was repeated by Rogers and also by Reakes, Cuddie and Reid (3) 
(1912). They all agreed that Oidium lactis was not the cause of 
fishy flavor. The latter authors conclude that: 

The development of fishy flavor in butter arises as a result of a chem- 
ical change including a splitting up of some of the constituents into 
compounds possessing this peculiar character and taste, the factors 
responsible for such change being apparently of a degree of high acidity 
of the cream and overworking. 

Harrison (4), however, agrees that fishy flavor in butter is due 
to the presence and growth of undesirable bacteria in cream. 

Rogers (5) (1914) gave out the information that fishy flavor is 
usually preceded by an oily or a metallic flavor. He found that 
fishy flavor is not prevented by low temperatures, but only 
retarded by them. Also that salts of iron and copper accelerate 
the production of fishy odor and taste. He never found fishy 
flavor in unsalted butter. 

In the opinion of the writer, fishy flavor is caused by the slow, spon- 
taneous chemical change to which acid is essential and which is favored 
by the presence of small amounts of oxygen. Fishy flavor may be 
prevented with certainty by making butter from pasteurized sweet 
cream. Butter made from pasteurized sweet cream with starter, but 
without ripening, seldom if ever becomes fishy. 
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Hunziker (6) (1915) found that high pasteurizing tempera- 
tures, such as 185°F. and higher, may cause a very poor quality 
of butter. The butter seemed to have a disagreeable oily flavor 
suggesting also that of decomposed fish. This occurred more 
particularly in summer when the cows are in pasture and the 
butter fat contains more than the average amount of olein. 

The action of high acid and high temperature on the olein, 
Hunziker thinks, is the cause of fishy flavor in this instance. 

Hammer (7) (1917) isolated an organism from a can of evapo- 
rated milk that had a strong fishy odor and flavor. He inocu- 
lated both sterile and pasteurized milk and cream with this 
organism and fishy flavor developed in a few hours. In inocu- 
lated milk there was also produced coagulation and digestion. 
He was, however, unable to produce fishy flavor in butter either 
by inoculating the butter directly or by adding the culture to 
the cream before churning. 

In some lots of butter, salt was used, while other lots were unsalted. 
The counts made showed that the number of bacteria per gram de- 
creased throughout the holding period with butter made from sour 
cream and with salted butter made from sweet cream, while with 
unsalted butter made from sweet cream there was an increase followed 
by a decrease. 

The organism was called Bact. ichthyosmius. 

In repeating Hammer’s work, butter was made from cream 
which had been inoculated with a culture of Bact. ichthyosmius, 
and in some cases fishy flavor developed in the butter after a 
few months in storage. The cause of the fishy flavor is not 
credited entirely to the Bact. ichthyosmius as the treatment of 
the cream before churning seems to have brought about chem- 
ical changes in the product which evidently were responsible for 
the development of the imdesirable odor and taste in the butter. 

PLAN OF THE EXPERIMENT 

Cream containing 30 per cent butter fat was used to make 
the butter for these experiments, and the six portions taken 
treated as follows: 
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Portion D. About 750 cc. of sweet cream was pasteurized at 145°F. 
for tliirt}^ minutes, and then cooled to 48°F. The cream was then inoc- 
ulated with 1 cc. of an aqueous solution containing a culture of Bact. 
ichthyosmius which had been grown on an agar slant. This organism 
was isolated from a group of ten, and was the only one to produce fishy 
odor in sterilized milk. The butter was made in the usual manner, one 
half of the portion was salted, while the other half was not. Both 
samples were stored in a refrigerator at 15°F. Another sample of 
cream was treated in the same manner as the above sample except that 
it was not inoculated. This latter was a check sample for D. 

Portion E. This sample of sweet raw cream was inoculated like 
the preceding sample, incubated at 98°F. for three hours; cooled to 
60^F. and then churned. From this point E and all of the following 
samples were treated the same as in sample D. 

Portion K, The sweet cream was inoculated; incubated at 98°F. 
for three hours, the acidity neutralized to phenolphthalein with sodium 
hydroxide, and churned at 60°F. 

Portion N, The cream here was inoculated, incubated, and neutral- 
ized as in portion K. After neutralizing, one ounce of liquid starter 
was added, and the mixture allowed to stand at room temperature for 
three hours before churning. 

Portion R. This portion was inoculated; one ounce of starter 
added, and the cream allowed to stand at room temperature for three 
hours to ripen. At the end of three hours it was neutralized and then 
churned. 

Portion X, This last sample was inoculated, incubated for three 
hours at 98°F,; cooled to 60°F., starter added; and churned after 
three hours. 

Each portion of cream then was represented by an unsalted 
sample of butter as well as a salted sample inoculated with 
Bact. ichthyosmius, and a check sample which was not inocu- 
lated, but was salted. These were all stored at 15°F. Every 
two weeks, during a period of eight months, a bacteria count 
was made on both the inoculated samples from each portion. 
The colonies were grown on lactose agar. The counts noted in 
the portions represent the number of bacteria per gram of butter. 
All three samples from each portion were scored frequently for 
quality (flavor). 
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General summary of the work of scoring. No check (uninocu- 
lated) sample was scored fishy.’’ No unsalted, inoculated, 
sample was scored fishy.” Salted sample from portion D 
(inoculated), made from fresh cream which was pasteurized and 
then churned at once, was not scored fishy.” The bacteria 
decreased rapidly both in the salted and in the unsalted sample. 
Samples from portion E were not scored “fishy.” The bacteria 
count on the salted sample was 120,000,000 at the time it was 
churned, and at the end of six months the count was 460,000. 
The unsalted sample had a count of only a few hundred at the 
end of four months. The only difference between this portion 
and the preceding was in the neutralization of the sample after 
incubation. The salted sample of portion N was accidently 
destroyed at the beginning of the fourth month in storage. 
However, the author scored the sample “fishy” a short time 
before the accident. Portion R after four months in storage 
had a strong fishy odor. At the end of seven months the odor 
had disappeared somewhat. The salted sample from portion X 
was scored “fishy” by one of the judges, “tallowy” by another, 
while the two remaining judges scored it “metallic.” The 
number of bacteria per gram of butter in this sample was several 
million even after it had been in storage for several months. 


DATKB OP PLATING 

D. 

D. 

S. 

Bacteria per gram 

Scored 10/28 

Bacteria per gram 

Scored 10/28 

3/19 

23,400,000 


62,000 


4/2 

18,250,000 


5,000 


4/16 

11,500,000 


2,150 


4/30 

7,500,000 


2,000 


6/14 

4,050,000 

1. 0 

1,900 

1, 0 

6/29 

3,000,000 

2. 0 

700 

2. 0 

6/11 

600,000 

3. 0 

500 

3. 0 

6/26 

505,000 

4. 0 

200 

4. 0 

7/9 

435,000 


000 


7/24 

405,000 




8/7 

285,000 




8/21 

45,000 





D. » Made from sweet cream, pasteurized, and churned at once. 
D. S. *» Same as D. except salted. 

Acidity of both, 0.135 per cent. 
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DATES or PLATING 

N 

N. S. 

Bacteria per gram 

Scored 10/28 

Bacteria per gram 

Scored 

3/19 

1,232,0(X),000 


16,600,000 


4/2 

42,000,000 


8,950,000 


4/16 

25,000,000 


6,650,000 


4/30 

20,000,000 


6,400,000 


5/14 

20,050,000 


5,450,000 


5/29 

18,800,000 

1. 0 

4,(500,000 


6/11 

18,000,000 

2. 0 

3,750,000 


6/25 

5,800,000 

3. 0 

Sample accidentally destroyed 

7/9 

2,850,000 

4. 0 



7/24 

1,780,000 




8/7 

205,000 




8/21 

70,000 





N. = Sweet cream, pasteurized, inoculated at room temperature, neutralized, 
and then ripened with B.l.a. 

N. S. = Same as N. except salted. 

Acidity of samples, 0.32 per cent. 


DATES or PLATING 

R. 

R. 

S. 

Bacteria per gram 

Scored 10/28 

Bacteria per gram 

Scored 10/28 

3/19 

1,600,(XX),000 


10,400,000 


4/2 

8,750,000 


10,100,000 


4/16 

7,800,000 


8,300,000 


4/30 

Plate badl 3 ' 


6,700,000 


5/14 

contami- 


6,350,000 


5/29 

nated with 


4,000,000 


6/11 

fleshy col- 


1,350,000 


6/25 

onies after 

1. 0 

595,000 

1. Fishy 

7/9 

third count 

2. 0 

670,000* 

2. Oily 

7/24 

was made 

3. 0 

740,000* 

3. Fishy 

8/7 

on this 

4. 0 

455,000* 

4. Fishy 

8/21 

sample 


370,000 


9/4 



350,500 


9/26 



320,000 


10/28 



215,000 



* Fishy odor on j)lates at time of counting. 

R. Sweet cream, pasteurized, inoculated, incubated at room temperature, 
neutralized, ripened with B.l.a. and again neutralized. 

R. S. = Same as R. only salted. 

Acidity of both samples at time of neutralization was 0.36 per cent. 

Sample R. is noticed here only to compare its score with that of R. S. 
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DATK8 OP PI.ATlNa 

X. 

X. 

S. 

Bacteria per gram 

Scored 10/28 

Bacteria per gram 

Scored 10/28 

3/19 

900,000,000 


32,700,000 


4/2 

46,050,000 


30,250,000 


4/16 

31,800,000 


28,000,000 


4/30 

2,500,000 i 


17,400,000 


5/14 

2,160,000 

1. 0 

14,150,000 

1. Metallic 

5/29 

1,950,000 

2. 0 

11,500,000 

2. Metallic 

6/11 

1,810,000 

3. 0 

11,200,000 

3. Tallowy 

6/25 

165,0(K) 

4. 0 

6,400,000 

4. Fishy 

7/9 

124,500 


5,400,000 


7/24 

56,000 


4,300,000* 


8/7 



4,000,000* 


8/21 



4,500,000 


9/4 



4,600,000 


9/26 



3,200,000 


10/28 



4,200,000 



* Fishy odor on i)lates at time of counting. 

X. *= Sweet cream, pasteurized, inoculated, incubated at room temperature, 
and then ripened with B.l a. 

X. S. « Same as X. only salted. 

Acidity of sampled at time of churning was 0.297 per cent. 


DATES OF PLATING 

K. 

K. 

S. 

Bacteria per gram 

Scored 10/28 

Bacteria per gram 

Scored 10/28 

3/19 

52,900,000 


23,400,000 


4/2 

46,000,000 


14,400,000 


4/16 

40,500,000 


10,450,000 


4/30 

34,000,000 


8,500,000 


5/14 

27,400,000 

1. 0 

6,300,000 

1. Metallic 

5/29 

26,150,000 

2. 0 

1,800,000 

2. 0 

6/11 

27,100,000 

3. 0 

1,800,000 

3. Fishy 

6/25 

27,900,000 

4. 0 

1,150,000 

4. Fishy 

7/9 

18,600,000 


890,000 


7/24 

14,650,000 


750,000 


8/7 

7,500,000 


Plates became 

too clouded for 

8/21 

2,200,000 


further study 

'9/4 

515,000 




9/26 

460,000 




10/28 

Cloudy plates 





No fishy odor was detected from any of these plates. 

K. « Sweet cream, pasteurized, inoculated, incubated at room temperature, 
and then neutralized before churning. 

K. S. *= Same as K. only salted. 

Acidity of samples at time of neutralization was 0.45 per cent. 
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E. 

E. S. 

Bacteria per cram 

Scored 10/28 

Bacteria per gram 

Scored 10/28 

3/19 

27,200,000 


120,500,000 


4/2 

11,450,000 

1 

43,250,000 


4/16 

6,100,000 


22,950,000 


4/30 

2,800,000 

1. 0 

17,000,000 


6/14 

2,330,000 

2. 0 

6,050,000 

2. 0 

6/20 

850,000 

3. 0 

2,950,000 

3. 0 

6/11 

785,000 

4. 0 

2,910,000 

4. 0 

6/25 

170,000 


1,990,000 


7/9 

50,000 


1,225,000 


7/24 

19,000 


1,205,000 


8/7 

000 


990,000 


8/21 



1,030,000 


9/4 



1,005,000 


9/26 



460,000 


10/28 



241,000 



E. *> Sweet cream, pasteurised, inoculated, incubated at room temperature 
before churning. 

E. S. « Same as E. only salted. 

Acidity of both samples before churning, 0.45 per cent. 

In some of the samples of the experiment, fishy flavor was 
produced by inoculating the cream with Bact. ichthyosmius. 
The handling of the cream before churning affected the growth 
of the bacteria differently in every portion. To show how the 
samples of butter are affected chemically by the different meth- 
ods of handling the cream, tables 1, 2, and 3 are given here show- 
ing a series of butter made from cream which was handled in 
various ways and which are comparable to the ways in which 
the cream portions of the inoculation experiments were treated. 
For instance, portion D compares very favorably with portion 6 
of table 1 as to the way it was treated before churning. Portion 
6 retained a large amount of its total phosphorus, and the soluble 
organic phosphorus suffered little, if any, decomposition. Portion 
E may be compared with portion 2 of table 1. The total phos- 
phorus in 2 is very high, and the soluble organic phosphorus 
is large in amount. The portions which were scored ''fishy'' 
K. X. and R. underwent treatment similar to portion four (4) 
in table 1. This portion four (4) showed a very small amount 


nuB /otrBNAL Of OAimT aciaMca, vol. xxz, no. 3 













202 


J. T. CU8ICK 


of organic phosphorus in the organic form, and it may be inferred 
that some of its organic phosphorus (soluble) had been decom- 
posed. By comparison, all three samples (K. X. and R.) prove 
that where there is a loss of soluble organic phosphorus, fishy 
flavor develops in the butter. The only possible organic phos- 


TABLE 1 

Salted samples of butter made 1 jll 118 y analyzed 1 128 flS* 


BI7TTEB FROM 
CREAM PORTION 
NUMBER 

PER CENT or PsOl 

Soluble inor- 
ganic 

Total soluble 

Soluble or- 
ganic 

Protein resi- 
due 

Total 

1 

0.0129 

0.0156 

0.0027 

0.0123 

0.0338 

2 

0.0138 

0.0168 


0.0108 

0.0397 

3 


0.0124 

0.0024 


0.0249 

4 

0.0127 

0.0132 

0 0005 

0.0131 


5 

0.0170 


0.0032 

0.0103 

0.0414 

6 

0.0155 

0.0180 

0.0025 



7 


0.0124 

0 0016 




*From ^^Phosphorus in Butter'* by this author. 


TABLE 3 


BUTTER PROM 
CREAM PORTION 
NUMBER 

Analyses of above samples April, 1919 

1 PER CENT OP P«Ol 

Soluble inor- 
ganic 

Total soluble 

Soluble or- 
ganic 

Protein resi- 
due 

Total 

1 

0.0158 

0,0204 

0.0046 

0.0120 


2 

0.0232 

0.0236 

0.0004 

0.0163 


3 

0.0191 

0.0193 

0.0002 

0.0086 

Totals 

4 

0.0157 

0.0168 

0.0011 

0.0163 

checked 

5 

0.0227 

0.0242 

0.0015 

0.0166 


6 

0.0201 

0.0211 

0.0010 

0.0115 


7 

0.0148 

0.0207 

0.0059 

0.0091 



TABLE 3 

Unsalted sample portion 2 of above butter 

PER CENT or PsOft 



Soluble in- 
organic 

Total 

soluble 

Soluble or- 
ganic 

Protein 

residue 

Total 

2. Analyzed 1 /28 /18 

2. Analyzed 4 /4 /19 

0.0158 

0.0229 

0.0199 

0.0250 

0 0041 
0.0021 

0.0139 

0.0147 

0.0468 
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phorus which is readily soluble in salt solution is lecithin. . But- 
ter contains lecithin, and one of the decomposition products of 
lecithin is choline. This choline is decomposed giving tri- 
methylamine which has the odor and flavor of decomposed fish. 
Undoubtedly in the treatment of cream in certain ways, the 
lecithin is broken down to a form which is used as pabulum 
specifically by the Bact. ichthyosmius. 

At the end of the period of storage the organism was isolated 
from a sample of butter which had been scored fishy,’' and its 
identity determined. 


Morphology 


Form: rod shaped. 

Size: ly to 2|x long, and from 0.6iu to 0.8^ wide. 

Arrangement: isolated. 

Motility: actively motile. 

Staining reaction: Gram negative. 

Spore formation: none found. 

Cultural characteristics 

Agar streak: dirty-white growth, non-viscid. 

Agar stab: dirty white growth on surface and throughout the entire 
length of the stab. 

Agar plate colonies: ellipsoidal colonies, white by reflected light and 
brown by transmitted light. 

Milk: peptonized. 

Litmus milk: peptonization and production of acid. 

Bio-chemical features 

Gas production: gas in bouillon containing sucrose, but not with 
lactose. 

Indol: positive tests in bouillon and in milk. 

All the above characteristics are in perfect agreement with 
those foimd by Hammer for Bact. ichthyosmius. 

As may be seen from the counts on the different samples of 
butter, the number of bacteria decreased rapidly, in most cases, 
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in the unsalted samples smd in the salted samples which did not 
go “fishy,” while in the salted samples which did develop a 
fishy flavor the decrease in the numbers of bacteria was gradxial. 
No unsalted samples were scored “fishy,” nor has fishy flavor 
been fo\md in unsalted samples of butter in any of our work. 
The check samples which were not inoculated with Bact. 
ichthyosmius but which were treated in every way as those 
described in the data given above, were kept in every in- 
stance, and in no case was fishy flavor observed in any of 
them. Only three of the samples were scored “fishy,” and the 
methods of handling the cream before churning were similar in 
all three cases. The limiting factor in the production of fishy 
flavor in butter seem s to be in the apparent decomposition of 
one or more of the constituents of butter during the preparation 
of the cream before chiiming and this decomposition product is 
used as pabulum by bacteria. Lecithin, a constituent of butter, 
from its chemical constitution can be broken down to a com- 
poimd which has the odor and flavor of decomposed fish. Bact. 
ichthyosmius may specifically utilize the decomposition prod- 
ucts of lecithin and bring about the formation of tri-methyl- 
amine, the compound which tastes and smells like decomposed 
fish. 

CONCLUSIONS 

1. Fishy flavor was produced in butter by inoculating the 
cream with Bact. ichthyosmius. 

2. The age of the cream, the acid content of the cream, and 
the period of incubation before churning seem to influence the 
production of fishy flavor in butter. 

3. Decomposition products of lecithin apparently are used as 
pabulum by Bact. ichthyosmius and the organism forms there- 
from tri-methylamine giving fishy flavor to the butter. 

The author wishes to express his thanks publicly to the Dairy 
Department for furnishing material for this problem and to 
Prof. W. A. Stocking for suggestions and aid in carrying out the 
work. Also to Professor E. S. Guthrie, Dr. G. C. Supplee, H. 
C. Jackson and W. E. Ayres for scoring the butter used in thia 
problem. 
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THE ELEVENTH ANNUAL STUDENTS’ NATIONAL 
CONTEST IN JUDGING DAIRY CATTLE 

HELMER RABILD 

Dairy Division^ Dejtariment of Agriculture ^ Washington^ D. C. 

Tne eleventh annual Students’ National Contest in Judging 
Dairy Cattle was held at the National Dairy Show in Chicago, 
Illinois, October 6, 1919. The contest was open to teams of 
three men each, from all agricultural colleges. Teams from 
fifteen colleges participated in the contest. The states of 
Wisconsin, Indiana and South Carolina were represented for 
the first time. 

Twelve animals of each of four dairy breeds were judged, 
namely, four bulls, four cows and four heifers; and the students 
were required to place these animals in their proper order of 
excellence. This placing was then compared with the official 
contest placing, which was determined by a committee consist- 
ing of coaches of the various teams. 

DeLaval Scholarship ($400). The DeLaval scholarship offered 
by the DeLaval Separator Company was won by Mr. Roy W. 
Ingham of the University of Nebraska for doing the best work 
in judging all breeds. 

Holstein-Friesian Scholarship ($400). The Holstein-Friesian 
scholarship offered by the Holstein-Friesian Association of 
America to the student standing highest in the judging of Hol- 
steins was won by Mr. E. H. Taylor of the Massachusetts Agri- 
cultural College. 

Jersey Scholarship ($400). The Jersey scholarship offered by 
the American Jersey Cattle Club to the student doing the best 
work in judging Jerseys was won by Mr. L. A. Jessup of Purdue 
University, Indiana. 

The National Dairy Association Medals. The National Dairy 
Association awarded gold medals to the five highest, or sweep- 
stakes, winners judging all breeds, as follows: 
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students’ national contest 207 


1. Roy W. Ingham University of Nebraska 

2. David Gilkerson South Dakota Agricultural College 

3. E. E. Gottman Kansas State Agricultural College 

4. H. C. Cole University of Wisconsin 

5. W. F. Dove Iowa State College 

Official judges 

Minnesota J. C. Cort 

Wisconsin R. S. Hulce 

Iowa, Carl Weaver 

Nebraska B. H. Thompson 

Kansas H. W. Cave 

Missouri W. W. Swett 

Indiana L. H. Fairchild 

New York H. H. Wing 

South Carolina W. W. Fitzpatrick 

New Hampshire J. M. Fuller 

Massachusetts J. C. McNutt 

Washington E. G. Woodward 

South Dakota H. Jones 

Maryland D. Meade 

Ohio C. T. Conklin 

R, S. Hulce H. Jones 

Wirmers of trophies and scholarships 

Ayrshire Trophy New York State College 

Guernsey Trophy Iowa State College 

Holstein Trophy Kansas State Agricultural College 

Jersey Trophy University of Missouri 


Hoard^s Dairyman Sweepstakes Trophy, 

Kansas State Agricultural College 
National Dairy Show Sweepstakes Trophy, 

Kansas State Agricultural College 

J. B. Ford Company Cup South Dakota State College 

Holstein Scholarship, E. H. Taylor, Massachusetts Agricultural College 

Jersey Scholarship L. A. Jessup, Purdue University, Indiana 

DeLaval Scholarship Roy Ingham, University of Nebraska 
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Report of teams in judging all breeds 


Basis of award of 


{ National Dairy Association cup 
Hoard* s Dairyman cup 


2. J. B. Ford cup 


RAKX TKAM I SCORE 


1 Kansas State Agricultural College 210 

2 South Dakota State College 232 

3 Iowa State College 242 H. C. 

4 University of Minnesota 242 L. C. 

5 University of Nebraska 246 

6 Washington State College 240 

7 Ohio State University 268 

8 Clemson Agricultural College 278 

9 Purdue University 279 

10 New York State College of Agriculture 282 

11 University of Wisconsin 305 

12 Massachusetts Agricultural College 316 

13 Maryland State College 322 

14 University of Missouri 331 

15 New Hampshire College. 337 


Report of teams in judging Ayrshires 
Ayrshire cup 


1 New York State College 31 

2 University of Minnesota 36 

3 Washington State College 49 

4 Massachusetts Agricultural College 55 

5 Ohio State University 61 

6 New Hampshire College 62 

7 Kansas State Agricultural College 65 

8 South Dakota State College 69 

9 Clemson Agricultural College 72 

10 University of Nebraska 75 

11 University of Wisconsin 78 

12 Purdue University 87 

13 Maryland State College 90 

14 Iowa State College 95 

15 University of Missouri Ill 
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Report of ieama in judging Guernseys 


Basis of award of Guernsey cup 


RANK 

TBAll 

80OBB 

1 

Iowa State College 

37 

2 

Washington State College 

41 

3 

Purdue University 

45 

4 

University of Minnesota 

46 

5 

South Dakota State College 

47 

6 

University of Wisconsin 

54 

7 

Clemson Agricultural College 

58 

8 

New York State College 

50 

9 

University of Nebraska 

65 

10 

Maryland State College 

67 

11 

Kansas State Agricultural College 

77 

12 

Ohio State University 

100 

13 

University of Missouri 

103 

14 

New Hampshire College 

108 

15 

Massachusetts Agricultural College 

128 


Report of teams in judging Holsteins 


Basis of award of Holstein-Friesian cup 


1 

Kansas State Agricultural College 

20 

2 

Iowa State College 

52 

3 

Ohio State University 

55 

4 

South Dakota State College 

57 

5 

University of Nebraska 

58 

6 

Maryland State College 

60 

• 7 

New Hampshire College 

64 

8 

Massachusetts Agricultural College 

72 

9 

New York State Agricultural College 

74 

10 

Clemson Agricultural College 

77 

11 

University of Missouri 

84 

12 

Purdue University 

87 

13 

Wisconsin University 

88 H. C. 

14 

Washington State College 

88 L. C. 

15 

University of Minnesota 

99 
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Report of teams in judging Jerseys 
Jersey cup 


BANK 

TEAM 

BCOBB 

1 

University of Missouri 

33 

2 

University of Nebraska 

48 H. C. 

3 

Kansas State Agricultural College 

48 L. C. 

4 

Ohio State University 

52 

5 

Iowa State College 

58 

6 

Purdue University 

60 

7 

1 Massachusetts Agricultural College 

61 H. C. 

8 

University of Minnesota 

61 L. C. 

9 

1 South Dakota Stage College 

62 

10 

Clemson Agricultural College 

70 

11 

Washington State College 

71 

12 

University of Wisconsin 

85 

13 

New Hampshire College 

103 

14 

Maryland State College 

105 

15 

New York State College of Agriculture 

118 







BANK 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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Report of individuals in judging all breeds 


DeLaval separator scholarship and five gold medals 


JBNTRY 

NtJM- 

BBB 

NAMB 

COLLEQE 

BCOBV 

6 

Roy W. Ingham 

University of Nebraska 

32 

44 

David Gilkerson 

South Dakota State College 

44 

28 

E. E. Gottman 

Kansas State Agricultural 
College 

45 

8 

H. C. Cole 

University of Wisconsin 

59 H. C. 

34 

W. F. Dove 

Iowa State College 

59 L. C. 

32 

J. C. Knott 

Washington State College 

61 

24 

H. M. Kaldahl 

University of Minnesota 

64 

20 

L. A. Jessup 

Purdue University 

65 

30 

Raymond Campbell 

Kansas State Agricultural 
College 

69 

37 

E. H. Taylor 

Massachusetts Agricultural 
College 

71 

40 

W. M. McVey 

Ohio State University 

74 

4 

Don Q. Douglas 

University of Nebraska 

75 

14 

J. \V. Beiermeister 

New York State College of 
Agriculture 

76 

10 

F. M. Allen 

Clemson Agricultural College 

77 

31 

Chas. Hansen 

Washington State College 

82 

45 

H. E. Ur ton 

South Dakota State College 

83 

11 

Thos. H. Burgess 

Clemson Agricultural College 

84 

2 

J. A. Gray 

Maryland State College 

86 H. C. 

23 

C. B. Finley 

University of Minnesota 

86 2d H. C. 

42 

E. D. Lenhart 

Ohio State University 

86 L. C. 

35 

L. A. Bent 

Iowa State College 

87 

22 

R. H. Steidl 

ITnivcrsity of Minnesota 

91 

7 

Chas. B. Drewry 

University of Wisconsin 

93 

29 

G. C. Anderson 

Kansas State Agricultural 
College 

95 

36 

H. B. Davel 

Iowa State College 

96 

16 

11. J. Harling ! 

New Hampshire College 

101 H. C. 

:5 

E. T. Itschner 

ITniversity o Missouri 

101 2d H. C. 

15 

Martin G. Beck 

New York State College of 
Agriculture 

101 L. C. 

26 

W. J. Keegan 

University of Missouri 

104 

43 

Bernard Iverson 

South Dakota State College 

105 H. C. 

13 

Francis J. Oates 

New York State College of 
Agriculture 

105 2d H. C. 

19 

J. M. Kirkpatrick 

Purdue University 

105 L. C. 

33 

H. O. Lisle 

Washington State College 

106 

41 

J. L. Hirsch 

Ohio State University 

108 
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Report of individuals in judging all breed — continued 


BANK 

ENTRT 

NUM- 

BER 

NAME 

COLLEGE 

SCORE 

35 

21 

B. E. Sellers 

Purdue University 

109 

36 

3 

W. C. Snarr 

Maryland State College 

114 H. C. 

37 

17 

A. B, Brown 

New Hampshire College 

114 L. C. 

38 

12 

S. A. McGee 

Clemson Agricultural College 

117 H. C. 

39 

39 

E. E. Harvey 

Massachusetts Agricultural 
College 

117 L. C. . 

40 

18 

R. J. Young 

New Hampshire College 

122 H. C. 

41 

1 

John R. Drawbaugh 

Maryland State College 

122 L. C. 

42 

27 

John Grosser 

University of Missouri 

126 

43 

38 

A. C. Williams 

Massachusetts Agricultural 
College 

128 

44 

5 

P. B. Campbell 

University of Nebraska 

139 

45 

9 

Sidney P. Murat 

University of Wisconsin 

153 


Report of individuals in judging Ayr shires 


1 

23 

C. B. Finley 

University of Minnesota 

22 

2 

30 

Raymond Campbell 

Kansas State Agricultural 
College 

23 

3 

6 

Roy W. Ingham 

University of Nebraska 

28 H. C. 

4 

44 

David Gilkerson 

South Dakota State College 

28 L. C. 

5 

14 

J. W. Beiermeister 

New York State College of 
Agriculture 

50 

6 

7 

Charles B. Drewry 

University of Wisconsin 

65 

7 

3 

W. C. Snarr 

Maryland State College 

70 11. C. 

8 

13 

Francis J. Oates 

New York State College of 
Agriculture 

70 L. C. 

9 

22 

R. H. Steidl 

University of Minnesota 

75 H. C. 

10 

39 

E. E. Harvey 

Massachusetts Agricultural 
College 

75 L. C. 

11 

16 

H. J. Harling 

New Hampshire College 

76 

12 

19 

J. M. Kirkpatrick 

Purdue University 

79 

13 

11 

Thomas H. Burgess 

Clemson Agricultural College 

83 H. C. 

14 

31 

Chas. Hansen 

Washington State College 

83 L. C. 

15 

41 

J. L. Hirsch 

Ohio State University 

84 

16 

33 

H. O. Lisle 

Washington State College 

85 

17 

37 

E. H. Taylor 

Massachusetts Agricultural 
College 

87 

18 

15 

Martin G. Beck 

New York State College of 
Agriculture 

88 

19 

32 

J. C. Knott 

Washington State College 

89 
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Report of individuals in judging Ayrshires — continued 


BAHK 

BMTBT 

NUM- 

BKB 

NAMB 

COLLBOB 

SCOBB 

20 

28 

E. E. Gottman 

Kansas State Agricultural 
College 

90 

21 

18 

R. J. Young 

New Hampshire College 

93 

22 

40 

W. M. McVey 

Ohio State University 

94 


10 

F. M. Allen 

Clemson Agricultural College 

97 H. C. 


42 

E. D. Lenhart 

Ohio State University 

97 L. O. 


34 

W. F, Dove 

low’a State College 

99 H. C. 


24 

H. M. Kaldahl 

University of Minnesota 

99 L. C. 

27 

45 

H. E. Urton 

South Dakota State College 

100 

28 

38 

A. C. Williams 

Massachusetts Agricultural 
College 

103 H. a 

29 

35 

L. A. Bent 

Iowa State College 

103 L. C. 

30 

17 

A. B. Brown 

New Hampshire College 

104 H. C. 

31 

26 

W. J, Keegan 

University of Missouri 

104 L. C. 

32 

5 

P. B. Campbell 

University of Nebraska 

105 H. C. 

33 

20 

L. A. Jessup 

Purdue University 

105 L. C. 

34 

9 

Sidney P. Murat 

University of Wisconsin 

109 H. C. 

35 

27 

John Grosser 

University of Missouri 

109 L. C. 

36 

43 

Bernard Iverson 

South Dakota State College 

Ill 

37 

12 

S. A. McGee 

Clemson Agricultural College ! 

117 

as 

8 

H. C. Cole 

University of Wisconsin 

120 

39 

2 

J. A. Gray 

Maryland State College 

127 H. C. 

40 

4 

Don Q. Douglas 

University of Nebraska 

127 L. C. 

41 

36 

11. B. Davel 

Iowa State College 

132 

42 

21 

B. F. Sellers 

Purdue University 

135 

43 

29 

G. C. Anderson 

Kansas State Agricultural 
College 

188 

44 

21 

John R. Drawbaugh 

Maryland State College 

190 

45 

25 

E. T. Itschner 

University of Missouri 
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Report of individuals in judging Guernseys 


1 

32 

J. C. Knott 

Washington State College 

23 

2 

11 

Thos. H. Burgess 

Clemson Agricultural College 

28 

3 

8 

H. C. Cole 

University of Wisconsin 

40 

4 

20 

L. A. Jessup 

Purdue University 

44 

5 

28 

E. E. Gottman 

Kansas State Agricultural 
College 

45 

6 

44 

David Gilkerson 

South Dakota State College 

54 

7 

24 

H. M. Kaldahl 

University of Minnesota 

55 

8 

15 

Martin G. Beck 

New York State College of 
Agriculture 

62 
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Report of individuals in judging Guernseys — continued 


RANK 

HSJWBT 

KtrM> 

BBR 

NAMB 

COLXjBGB 

SCORB 

9 

34 

W. F. Dove 

Iowa State College 

65 

10 

2 

J. A. Gray 

Maryland State College 

67 H. C. 

11 

6 

Roy W. Ingham 

University of Nebraska 

67 L. C. 

12 

23 

C. B. Finley 

University of Minnesota 

72 

13 

36 

H. B. Davel 

Iowa State College 

77 

14 

31 

Charles Hansen 

Washington State College 

79 

15 

35 

L. A, Bent 

Iowa State College 

83 

16 

25 

E. T. Itschner 

University of Missouri 

85 

17 

Wm 

Chas. Drewry 

University of Wisconsin 

86 

18 


F. M. Allen 

Clemson Agricultural College 

87 H. C. 

19 

19 

J. M. Kirkpatrick 

Purdue University 

87 L. C. 

20 

45 

H. E. Urton 

South Dakota State College 

91 H. C. 

21 

43 

Bernard Iverson 

South Dakota State College 

91 L. C. 

22 

21 

B. F. Sellers 

Purdue University 

93 

23 

14 

J. W. Beiermeister 

New York State College of 
Agriculture 

95 

24 

1 

John R. Drawbaugh 

Maryland State College 

96 

25 

4 

Don Q. Douglas 

University of Nebraska 

97 H. C. 

26 

33 

H. O. Lisle 

Washington State College 

97 L. C. 

27 

22 

R. H. Steidl 

University of Minnesota 

102 H. C. 

28 

13 

Francis J. Oates 

New York State College of 
Agriculture 

102 L. C. 

29 

5 

P. B. Campbell 

University of Nebraska 

105 H. C. 

30 

42 

E. D. Lenhart 

Ohio State University 

105 L. C. 

31 

40 

W. M. McVey 

Ohio State University 

108 H. C. 

32 

30 

Raymond Campbell 

Kansas State Agricultural 
College 

108 2d H. C. 

33 

3 

W. C. Snarr 

Maryland State College 

108 L. C. 

34 

9 

Sidney P. Murat 

University of Wisconsin 

109 

35 

16 

H. J. Harling 

New Hampshire College 

110 H. C. 

36 1 

17 

A. B. Brown 

New Hampshire College 

110 L. C, 

37 

18 

R, J. Young 

New Hampshire College 

116 

38 

12 

S. A. McGee 

Clemson Agricultural College 

121 

39 

41 

J. L. Hirsch 

Ohio State University 

122 

40 

29 

G. C. Anderson 

Kansas State Agricultural 
College 

124 

41 

37 

E. H. Taylor 

Massachusetts Agricultural 
College 

137 

42 

27 

John Grosser 

University of Missouri 

156 

43 

39 

E. E. Harvey 

Massachusetts Agricultural 
College 

157 

44 

38 

A. C. Williams 

Massachusetts Agricultural 
College 

160 

45 

26 

W. J. Keegan 

University of Missouri 

172 
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Report of individuals in judging Holsteins 


Holstein scholarship 


BANK 

ENTRT 

BUM* 

BBB 

NAMB 

COLLEOE 

BCORB 

1 

37 

E. H. Taylor 

Massachusetts Agricultural 
College 

37 

2 

28 

E. E. Gottman 

Kansas State Agricultural 
College 

48 

3 

2 

J. A. Gray 

Maryland State College 

49 

4 

29 

G. C. Anderson 

Kansas State Agricultural 
College 

53 

5 

17 

A. B. Brown 

New Hampshire College 

65 

6 

4 

Don Q. Douglas 

University of Nebraska 

66 H. C. 

7 

36 

H. B. Davel 

Iowa State College 

66 L. C. 

8 

14 

J. W. Beiermeister 

New York State College of 
Agriculture 

67 

9 

8 

H, C. Cole 

University of Wisconsin 

68 

10 

10 

F. M. Allen 

Clemson Agricultural College 

71 

■ ■ 

44 

David Gilkerson 

South Dakota State College 

75 H. C. 

■ 9 

1 

John R. Drawbaugh 

Maryland State College 

75 L. C. 

■ 9 

6 

Roy W, Ingham 

University of Nebraska 

79 H. C. 

14 

30 

Raymond Campbell 

Kansas State Agricultural 
College 

79 L. C. 

15 

34 

W. F. Dove 

low'a State College 

80 

1C 

42 

E, D. Lenhart 

Ohio State University 

84 H. C. 

17 

21 

B. F, Sellers 

Purdue University 

84 L. C. 

18 

40 

W. M. McVey 

Ohio State University 

87 H. C. 

19 

18 

R. J. Young 

New Hampshire College 

87 2d H. C. 

20 

24 

H. M. Kaldahl 

University of Minnesota 

87 L. C. 

21 

41 

J. L. Hirsch 

Ohio State University 

92 

22 

45 

H. E. Urton 

South Dakota State College 

96 

23 

32 

J. C. Knott 

Washington State College 

97 

24 

43 

Bernard Iverson 

South Dakota State College 

97 L. C. 

25 

27 

John Grosser 

University of Missouri 

99 

26 

26 

W. J. Keegan 

University of Missouri 

101 

27 

20 

L. A. Jessup 

Purdue University 

109 

28 

33 

H. O. Lisle 

Washington State College 

113 

29 

38 

A. C. Williams 

Massachusetts Agricultural 
college 

114 

30 

35 

L. A .Bent 

Iowa State College 

115 

31 

11 

Thomas H. Burgess 

Clemson Agricultural College 

119 H. C. 

32 

13 

Francis J. Oates 

New York State College of 
Agriculture 

119 L. C. 

33 

25 

E. T. Itschner 

University of Missouri 

124 

34 

15 

Martin G. Beck 

New York State College of 
Agriculture 

125 








216 


HELBfER RABILD 


Report of individuaU in judging HoUteine — continued 


BANK 

BNTBT 

KUM- 

BBB 

► 

K 

■ 

COZXBOB 

•COBB 


22 

R. H. Steidl 

University of Minnesota 

129 


12 

S. A. McGee 

Clemson Agricultural College 

133 


31 

Charles Hansen 

Washington State College 

142 


7 

Charles B. Drewry 

University of Wisconsin 

145 H. C. 

39 

5 

P. B. Campbell 

University of Nebraska 

145 L. C. 

40 

16 

H. J. Harling 

New Hampshire College 

146 

41 

9 

Sidney P. Murat 

University of Wisconsin 

148 

42 

39 

E. E. Harvey 

Massachusetts Agricultural 
College 

154 

43 

19 

J. M. Kirkpatrick 

Purdue University 

156 

44 

23 

C. B. Finley 

University of Minnesota 

166 

45 

1 3 

W. C. Snarr 

Maryland State College 

175 


Report of individuals judging Jerseys 


Jersey scholarship 


1 

20 

L. A. Jessup 

Purdue University 

25 

2 

26 

W. J. Keegan 

University of Missouri 

40 

3 

40 

W, M. McVey 

Ohio State University 

41 

4 

4 

Don Q. Douglas 

University of Nebraska 

47 

5 

6 

Roy W. Ingham 

University of Nebraska 

49 H. C. 

6 

12 

S. A. McGee 

Clemson Agricultural College 

49 L. C. 

7 

25 

E. T. Itschner 

University of Missouri 

52 

8 

29 

G. C. Anderson 

Kansas State Agricultural 
College 

53 

9 

8 

H. C. Cole 

University of Wisconsin 

54 H. C. 

10 

34 

W. F. Dove 

Iowa State College 

54 L. C. 

11 

24 

H. M. Kaldahl 

University of Minnesota 

64 

12 

37 i 

E. H. Taylor 

Massachusetts Agricultural 
College 

67 

13 

35 

L. A. Bent 

Iowa State College 

73 

14 

45 

H. E. Urton 

South Dakota State College 

77 

15 

16 

H. J. Harling 

New Hampshire College 

79 

16 

42 

E. D. Lenhart 

Ohio State University 

81 

17 

31 

Chas. Hansen 

Washington State College 

84 

18 

32 

J. C. Knott 

Washington State College 

85 H. C. 

19 

28 

E. E. Gottman 

Kansas State Agricultural 
College 

85 L. C. 

20 

22 

R. H. Steidl 

University of Minnesota 

87 

21 

30 

Raymond Campbell 

Kansas State Agricultural 
College 

90 
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Report of individuals judging Jerseys — continued 


RANK 

KNTRT 

Nt7M- 

BBR 

name: 

COLLCOE 

SCORE 

22 

39 

E. E, Harvey 

Massachusetts Agricultural 
College 

91 

23 

'14 

David Oilkerson 

South Dakota State College 

95 

24 

27 

John Grosser 

Universitj^ of Missouri 

101 H. C. 

25 

43 

Bernard Iverson 

South Dakota State College 

101 L. C. 

2G 

10 

F, M. Allen i 

Clemson Agricultural College 

102 

27 

38 

A. C. Williams 

Massachusetts Agricultural 
College 

104 

28 

21 

B. F. Sellers 

Purdue University 

105 

29 

3 

W. C. Snarr 

Maryland State College 

110 H. C. 

30 

23 

C, B. Finley 

University of Minnesota 

110 L. C. 

31 

19 

J. M. Kirkpatrick 

Purdue University 

114 

32 

7 

Chas. B. Drewry 

University of Wisconsin j 

117 

33 1 

41 

J. L. Hirsch 

Ohio State University 

121 

34 

2 

J. A. Gray 

Maryland State College 

124 

35 

36 

H. B. Davel 

Iowa State College 

125 

36 

33 

H. O. Lisle 

Washington State College 

130 

37 

13 

Francis J. Oates 

New York State College of 
Agriculture 

142 

38 

11 

Thomas H. Burgess 

Clemson Agricultural College 

153 H. C. 

39 

5 

P. B. Campbell 

University of Nebraska 

153 L. C. 

40 

14 

J. W. Beiermeister 

New York State College of 
Agriculture 

155 

41 

15 

Martin G. Beck 

New York State College of 
Agriculture 

161 

42 

1 

John H. Drawbaugh 

Maryland State College 

164 

43 

17 

I A. B. Brown 

New Hampshire Collge 

165 

44 

9 

Sidney P. Murat 

University of Wisconsin 

184 

45 

18 

R. J. Young 

New Hampshire College 

185 
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Contestants* numbers by colleges 


KUMBKR 

NAMB 

COLLBOB 

N 1 

O 2 

P 3 

John R. Drawbaugh 

J. A. Gray 

W. C. Snarr 

Maryland State College 

Maryland State College 

Maryland State College 

Q 4 

N 5 

0 6 

Don Q. Douglas 

P. B. Campbell 

Roy W. Ingham 

University of Nebraska 

University of Nebraska 

University of Nebraska 

P 7 

Q 8 

N 9 

Charles B. Drewry 

H. C. Cole 

Sidney P. Murat 

University of Wisconsin 

University of Wisconsin 

University of Wisconsin 

O 10 
p 11 
Q12 

F. M. Allen 

Thomas H. Burgess 

S. A. McGee 

Clemson Agricultural College 

Clemson Agricultural College 

Clemson Agricultural College 

N 13 

0 14 
PIS 

Francis J. Oates 

J. W. Beiermeister 
Martin G. Beck 

New York State College of Agriculture 
New York State College of Agriculture 
New York State College of Agriculture 

Q 16 

N 17 

0 18 

H. J. Harling 

A. B. Brown 

R. J. Young 

New Hampshire College 

New Hampshire College 

New Hampshire College 

P19 

Q20 

N21 

J. M. Kirkpatrick 

L. A. Jessup 

B. F. Sellers 

Purdue University 

Purdue University 

Purdue University 

022 

P23 

Q24 

R. H. Steidl 

C. B. Finley 

H. M. Kaldahl 

University of Minnesota 

University of Minnesota 

University of Minnesota 

N25 

0 26 
P27 

E. T. Itschner 

W. J. Keegan 

John Grosser 

University of Missouri 

University of Missouri 

University of Missouri 

Q28 

N29 

030 

E. E. Gottman 

G. C. Anderson 
Raymond Campbell 

Kansas State Agricultural College 

Kansas State Agricultural College 

Kansas State Agricultural College 

P31 

Q32 

N33 

Charles Hansen 

J. C. Knott 

H. O. Lisle 

Washington State College 

Washington State College 

Washington State College 









A PRELIMINARY REPORT ON THE STUDY OF THE 
TEMPERATURES AT WHICH MILK OF DIFFER- 
ENT PER CENTS OF ACIDITY WILL COAGULATE 

T. J. McINERNEY 

Department of Dairy Industry ^ Cornell University ^ Ithaca^ New York 

According to Hammersten^ “perfectly fresh amphoteric milk 
does not coagulate on boiling but forms a pellicle consisting of 
casein and lime-salts which rapidly reforms after being removed. 
Even after passing a current of carbon dioxide through the 
fresh milk it does not coagulate on boiling. In proportion as the 
formation of lactic acid advances this behavior changes and 
soon a stage is reached when the milk, which has previously had 
carbonic acid passed through it, coagulates on boiling. At a 
second stage it coagulates alone on heating, thus it coagulates 
by passing carbon dioxide alone without boiling; and lastly when 
the formation of lactic acid is sufficient, it coagulates spon- 
taneously at the ordinary temperature forming a solid mass. 
It may also happen especially in the warmth, that the casein 
clot contracts and a yellowish or yellowish green acid liquid 
(acid whey) separates. 

According to Van Slyke, “when milk is treated with acid or 
acid salts the casein is precipitated as a heavy, white solid in 
more or less flocculent form, depending on conditions of treat- 
ment. When milk sours in the ordinary way the lactic acid 
that is formed produces the same effect as the addition of any 
dilute acid; the precipitation or curdling occurs at ordinary 
temperatures, when the acidity reaches 0.6 to 0.7 per cent 
expressed as lactic acid. When dilute artificial lactic acid is 
added directly to fresh milk, precipitation takes place at ordi- 
nary room temperature when the acidity reaches 0.57 per cent. 
Increase of temperature enables a smaller amount of acid to 
precipitate casein; for example, milk curdling at room tempera- 

^ A. Text Book of Physiological Chemistry. Hammerstein and Mandel. 
From Allen’s Commercial Organic Analysis, vol. viii, p. 121. 
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ture with 0.55 per cent of added lactic acid, precipitates with 
0.35 per cent at boiling temperature, according to work done in 
the laboratory of the writer.’^ The indicator used in determining 
milk acidity is phenolphthalein. Litmus cannot be used because 
of the amphoteric reaction of fresh milk. Homer gives the 
following method of determining the acidity of milk.* Ten 
cubic centimeters of milk are diluted with 20 cc. of water a few 
drops of a dilute alcoholic solution of phenolphthalein added 
and the titration made with alkali. Homer proposes that 
the number of cubic centimeter required should be multiplied by 
10 and the result termed the ‘^degree of acidity.’' Fresh normal 
milk will show figures ranging from 16 to 18. When the degree 
of acidity is 23 or more, the sample will coagulate on heating. 

Owing to the fact that modern methods of handling milk 
and its products frequently involves heating to a temperature 
of 145°F. or higher, it seemed desirable to secure further infor- 
mation regarding the relation between the percentage of acidity, 
the temperature and coagulation. For this purpose the fol- 
lowing experiments were performed. 

PRELIMINARY WORK 

Eighteen grams of milk were titrated with A alkali solution 
using phenolphthalein as an indicator, the purpose being to deter- 
mine the “degree” or per cent acidity of the milk. To another 
18 gram sample of milk was added 100 cc. of distilled water. 
A solution of nr lactic acid was then added until the curd was 
precipitated or the milk coagulated and the temperature was 
noted. 

a third sample was added 100 cc. of distilled water and a 
smaller volume of acid. The mixture of milk, water and acid 
was then heated until the milk coagulated and the temperature 
noted. This was continued for several per cents of acid and 
several temperatures. The method may be illustrated as follows: 
18 gram milk + 100 cc. distilled water + 48 cc. of ^ lactic acid 
precipitated at 60°F. 

* Chem. Zeit. 1892, 16, 1479, 1519. 
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Another method was to heat the mixture of 18 grams of milk 
and 100 cc. of distilled water to a given temperature and then 
add the ^ lactic acid solution until the milk curdled. In these 
experiments it was found that the milk when heated before 
adding the acid curdled at a lower temperature than was the case 
when the acid was first added and the mixture heated. The 
only explanation for this is that the acid on coming in contact 
with the warm milk may coagiJate the part of the milk with 
which it comes in contact and the coagulation may not be uni- 
form. In the other case when the acid is added to the milk 
before heating, the acid is evenly distributed through the milk 
and when the critical temperature is reached the entire mass of 
milk will coagulate. Later in the work it was found best to take 
100 cc. portions of milk after the acid test had been made and add 
a certain amount of the tit lactic acid. The mixture of milk and 
acid was then heated in a steam bath until the milk coagulated 
and the temperature was noted. The amount of acid varied 
from the amount required to coagulate the milk at room tem- 
perature to 180°F. Usually the difference in amount added 
each time was about 5 cc. 

Over 200 samples of milk have been treated by the above 
methods and the figures given below are indicative of the re- 
sults obtained. 


AMOUNT OF 
MILK 


ACID 


TEMPJCBATURK 


Experiintvt I 



cc. 

per cent 

*F. 



100 

0.580 

70 

i 


100 

0.480 

101 



100 

0 430 

145 

Skim milk; 0.145 per cent acid 


100 

0 390 

150 



100 

0.340 

155 



100 

0.280 

170 



1 100 

0.250 

! 185 


Skim milk; 0.14 per cent acid 


Experiment II 


100 

100 


0.570 

0.54 


66 
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AMOUNT or 

MILK 

ACID 

TKMPKKATUBB 

Experiment III 

Skim milk ; 0.23^per cent acid 

100 

0.520 

74 



Experiment IV 


Whole milk; 0.15 per cent acid 


100 

0 550 

66 

100 

0.410 

105 

100 

0 367 

150 

100 

0 320 

157 


Experiment V 


Skim milk; 0.17 per cent acid * 


100 

100 

100 

100 

100 

100 

100 

0.520 

0.470 

0.430 

0 390 
0.340 
0.300 
0.260 1 

74 

85 

125 

MO 

157 

180 

195 

Experimeid VI 



100 

0 480 

67 



100 

0.4-10 

82 

Pasteurized milk (24 hours old), 0.18 

1 

100 

100 

0 398 

0 350 

100 

155 

per cent acid 


100 

0 310 

165 



100 

0 269 

182 



100 

0.220 

200 


Experiment VII 


1 

1 cc. 

per cent I 

^F. 


r 

100 


66 



100 


85 



100 


83 



100 


95 

Pasteurized milk (24 hours old); 0.15 


100 

0 410 

96 

per cent acid | 


100 

0 400 

104 



100 

0 390 

110 



100 

0 370 

140 



100 

0.360 

150 



100 

0 320 

160 
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AMOUNT OF 
MIL.K 

ACID 

TEMPKBATURB 

Experiment VIII 



100 

0.530 

73 



100 

0.480 

87 



100 

0.440 

no 

Whole milk; 0.14 per cent acid j 


100 

0.400 

no 



100 

0.350 

147 



100 


162 



100 

0.270 

175 


Experiment IX 





0.500 

76 




0.450 

88 

Milk (24 hours old) < 



0.400 

0.360 

100 

105 




0.340 

153 




0.330 

158 


Experiment X 





0.540 

68 




0.495 

72 




0.466 

88 




0.440 

96 

Whole milk; 0.15 per cent acid j 



0.420 

105 




0.397 

150 




0.375 

155 




0.330 

160 



100 

0 285 

173 


Experiment XI 




100 

0.527 

67 


1 

100 

0.490 

70 


1 

100 

0.472 

74 

Whole milk; 0.40 per cent acid j 

1 

100 

0.445 

86 


1 


0.427 

88 


1 


0.409 

100 




0.400 

no 


These experiments show that milk containing 0.57 per cent 
acid (in terms of lactic acid) will, on the average, precipitate 
at a temperature between 60° to 65°F. Milk containing 0.50 
per cent acid will curdle at 75° to 80°F., 0.40 per cent at 100° to 
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110°F., 0.35 per cent at about 150°F. and 0.25 per cent acid in 
milk will not cause coagulation until heated to 180°F. As shown 
in the curve, the small drop in acidity between 0.40 to 0.35 per 
cent makes a greater range of temperature than between any 
other two points of acidity studied. As shown in the experi- 
ments, a decrease of 0.05 per cent acid at this particular stage 
requires nearly a 50°F. range in temperature to produce coagu- 
lation as 0.40 per cent acid in milk will curdle at about 100°F. 
while 0.35 per cent acid in milk wall not produce curdling until 
heated to at least 150°F. 

f0 

o fO Ao Jo 0 O SV *>e ^ To ^ /fo ap /Oc /w ^ ^0 /Zo /SftJ 

r~a.t u rc. ^ c 3 ^ ^ 

Curve Showing the Temperature at W’mrn Milk of Different Per Cents 
OF Acid Will Coagulate 

The author believes that, when the milk is heated to about 
100°F., a chemical change may take place in the calcium salts 
found in milk and in some way cause the casein to be held in 
suspension. 

The addition of di-sodium phosphate will retard the precipi- 
tation of the curd in milk even though a high percentage of lactic 
acid is present. As an illustration, a sample of milk showing 
0.60 per cent acid curdled when heated to 60°F. Another 18 
gram sample of this milk was taken to which was added 20 cc. 
of 1 per cent solution of di-sodium phosphate (Na 2 HPo 4 ) and 
this sample of milk did not precipitate when heated to 175°F. 

The addition of mono-calcium phosphate CaH4(Po4)2 has an 
entirely different effect than the sodium phosphate. The former 
will hasten the coagulation of milk as illustrated in the following 
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experiment. Twenty cubic centimeters of skim milk containing 
0.18 per cent acid was used in the experiment. To this was 
added 44 cc. of a 1 per cent solution of mono-calcium phosphate 
(CaH 4 ) (Po 4)2 and the sample curdled at 70°F. The result of 
these experiments would tend to show that the break in the 
curve, which is formed with the different per cents of acid and 
different temperatures may be due to the phosphates in milk. 

Further study is being made as to the exact cause of the irreg- 
ular curve produced from the above experiments. 



A NOTE ON THE ACIDITY OF FRESH MILK 

T. J. MclNERNEY 

Department of Dairy Industry f Cornell University y Ithaca^ New York 

When milk is first drawn from the cow^s udder it gives what is 
known as an amphoteric reaction, that is it turns red litmus 
paper blue and blue litmus paper red. In spite of this fact 
fresh milk is rarely alkaline and is always acid toward phenol- 
phthalcin as an indicator. 

Dairy chemists mention two kinds of acidity in milk; apparent 
acidity and real acidity. The real acidity of milk is due to 
lactic acid. This is never found in milk when it is first drawn 
from the udder. It is produced by the action of the lactic acid 
organisms on the milk sugar. 

The so-called apparent acidity of milk is what gives fresh 
milk its acid reaction. It is now generally believed to be due to 
the presence of the carbon dioxide, acid phosphates and casein, 
all of which arc found in fresh milk and which have an acid. 

About a year ago the writer tested two samples of milk that 
were brought to this department. This milk had been rejected 
at the local condensaiy because of high acidity. Both samples 
showed 0.21 per cent acidity when tested by the usual alkali 
solution. The writer was then requested to visit the farm on 
which this milk was produced and test the milk from each indi- 
vidual cow. Samples were taken and tested for acidity immedi- 
ately, and the remainder taken to the laboratoiy from which 
chemical analyses were made for total solids, fat, solids not fat 
and ash. The results are as follows: 


cow NUMBER 

ACIDITT 

TOTAL SOLIDS 

FAT 

SOLIDS NOT FAT 

ABB 

1 


15.83 

6 0 

9 83 


2 


15 68 

6.5 

9.18 

0.805 

3 

0.175 

16.91 

7.5 

9.41 

0.775 

4 

0.205 

15 29 

5.9 

9.39 

0.841 

5 

0.202 

15.55 

5.9 

9.65 

0.733 

Herd 

0.190 

15.78 

6.3 

9.48 

0 820 
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These were all grade Jersey cows. From the tests made of 
the milk immediately after milking, it would indicate that 
nearly all the cows were giving milk showing a high per cent of 
acidity as shown by the alkali test. All these samples show a 
very high percentage of total solids, fat and solids not fat. The 
per cent of ash in all cases is higher than the average of normal 
milk, and in one or two cases the percentage of ash is exceed- 
ingly high. These facts would tend to show the reason for the 
high apparent acidity in the fresh milk. 

To make a more complete study of the acidity in fresh milk, 
it was decided to determine the acidity of the milk of the differ- 
ent cows of the University herd. This herd was selected 
because five different breeds of cattle were represented and the 
age of the cow and the period of lactation of each individual 
animal was known. The breeds that were available for study 
were the Holstein, Shorthorn, Ayrshire, Guernsey and Jersey. 
There were 15 Holstein, 10 Jersey, 0 Guernsey, 5 Ayrshire, 
and 5 Shorthorns, making a total of 42 tests in all, or one from 
each cow. The samples were obtained immediately after the 
night milking and tests for acidity were made in about one-half 
hour after the samples were drawn. 

The average per cent of acidity as shown by the alkali test for 
each breed in the herd and the highest and lowest per cents of 
acidity found in the milk of each breed are shown in the follow- 
ing table: 


BREED 

AYERAUE 

PER CENT ACID 

HIQHEST PER 
CENT FOUND 

LOWEST PER 
CENT FOUND 

Holstein 

0.136 

0.180 

0.100 

Jersey 

0 162 

0.220 

0.130 

Guernsey 

0.139 

0.160 

0.120 

Ayrshire 

0.123 

0.150 

0.105 

Short Horn 

0.180 

0.200 

0.165 



The results from the data given above may be summarized 
as follows: 

1. The per cent of apparent acid found in the fresh milk 
varied from 0.10 to 0.22 per cent. 
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2. There appears to be no relation between the period of 
lactation and the percentage of apparent acid in the milk. 

3. There appears to be no relation between the age of the 
cow and the percentage of apparent acid found in the milk. 

4. The kinds of feed had no effect on the percentage of acid 
found in the milk. 

5. Fresh milk w’hich showed a high percentage of solids not 
fat and a high percentage of ash showed a high percentage of 
apparent acidity. 

6. Fresh milk comparatively low in solids not fat and in ash 
showed a lower percentage of apparent acidity. 
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A Score Card for City Ice Cream Plants^ — F. W. Fabian 

The output of the ice cream industry has greatly increased in the 
last decade and likewise its commercial value. We now recognize it as 
one of the many American industries. But while the output and value 
have greatly increased, the sanitary measures have not kept pace 
with the industry. In some places possibly they have kept pace and 
in others they have not. One thing is certain that on the whole the 
ice cream industry has not received as much attention from a sanitary 
point of view as some of its sister industries. For example, in most 
cities, we do not find any bacteriological standard for ice cream or 
the constituents that go into its make up. We do not have a score 
card for city ice cream plants as we do for city milk plants. Cities in 
which there is a system of country and city milk inspection, we find no 
provision for inspection of ice cream plants or the farms supplying the 
cream and milk for ice cream. Many cities realizing the great need 
of sanitary inspection are taking steps to provide for this inspection. 

It was while working for the Detroit Board of Health at Detroit, 
Michigan, in the summer of 1917 in the capacity of a sanitary inspector 
for ice cream plants, that my attention was called to the need of two 
things: First, regular sanitary inspection of all places large or small 
manufacturing ice cream, and second, a systematic way of recording 
the inspection. 

Inquiry was then made of the Bureau of Animal Industry as to 
whether they knew of a score card for ice cream plants and they replied 
that they had never issued such a score card and knew of none, unless, 
the Louisiana State Board of Health issued one. Upon writing to 
them and having them forward a copy of their score card it was found 
that it was not a score card at all but simply a memorandum card upon 
which the inspector made general notations of the sanitary condition 
of the place, but it was a step in the right direction, however, and a 
great improvement upon no score card. 

» Through an error, part of the score card was omitted from the article which 
was published in the November issue. In justice to the author, the entire article 
is reprinted in this issue. — Editor. 
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I am sure that no one familiar with the situation would doubt the 
need of regular sanitary inspection by a competent inspector. Here 
we have a plant manufacturing a product which is easily contam- 
inated, and quite frequently is being handled by employees who are 
ignorant of the dangers that they may introduce by their ignorance and 
carelessness. 

Now if this product were fed to cattle or utilized in any other way 
than it is, our problem would cease to exist; but since it is included 
in the human diet and occupies such a prominent place, it certainly 
needs careful sanitary supervision and inspection. Ice cream is not 
only used quite extensively in the normal healthy human diet, but is 
often reconunended by physicians for the young, the old and convales- 
cents alike. The same physician who would hesitate to recommend 
anything but certified milk (or some milk equally dependable) with a 
bacteria count of 10,000 or less, does not hesitate to recommend ice 
cream with no bacteria standard whatever, but which usually ranges 
from 10,000 to 1,000,000,000 bacteria per cubic centimeter. 

The fact that ice cream is frozen seems to cover a multitude of sins 
in the layman's mind. Just as the farmer and most other people 
believe that straining and clarifying make dirty milk clean, likewise 
people believe that freezing kills all bacteria. All of these facts argue 
very strongly for regular sanitary inspection. 

The duties of an inspector of ice cream plants, as in the case of any 
other sanitarj^ inspector, are many. If he educates one man one way, 
advises another in another way, and assists the others in other ways, 
the sum total of his labors are varied and his efforts result in confusion. 
The best way to help all and secure uniform results is by the score 
card. In this way there is an outline to guide him and he can accord 
to all the same help and treatment. 

The score card for ice cream plants as it is arranged here follows in 
general outline the score cards for city milk plants as approved by the 
United States Department of Agriculture, but is arranged to meet the 
needs of city ice cream plants. The ice cream plant is scored on the 
basis of 100 per cent as perfect, 40 per cent for equipment, and 60 
per cent for methods. 

The sanitary location of the building is the first consideration. Next 
comes the arrangement of the building providing a separate room 
for each major operation. The construction of the rooms and other 
sanitary considerations as drainage, light, pure air, screens, etc., are next 
taken up. The apparatus necessary for keeping the machinery and 
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utensils clean and sanitary, also the apparatus for handling ice cream 
in a sanitary way, together with the condition of the machineiy are 
given consideration. Laboratory and equipment are also taken into 
account as well as the water supply. 

The sanitary methods are considered from the viewpoint of the clean- 
liness of the building, such as floors, walls etc. The cleanliness and 
protection from contamination of the apparatus used in making, hand- 
ling and storing the ice cream both before and after making are given 
consideration. The way in which the constituents used in making the 
ice cream are received, protected and cared for before they are used 
for ice cream is given a very prominent place. The score card makes 
it possible for the man who goes to the trouble and expense of installing 
a pasteurizer to get a better score than the man who does not. There 
are many arguments pro and con in regard to pasteurization of the 
constituents of ice cream but there certainly is no question as to the 
ultimate outcome of the matter. The time is not far distant when all 
cities shall require the constituents of ice cream to be pasteurized. A 
place is given to the wrapping of brick ice cream which is often wrapped 
in a very unsanitary way. Storage and protection during delivery are 
likewise given a place. The bacteriological analysis of both raw mate- 
rials and the finished product as well as the inspection of the dairies 
supplying cream are included under the head of inspection. This 
should help to produce a purer product. Then under “miscellaneous” 
comes the cleanliness of attendants and provision for medical inspec- 
tion, thus helping to decrease the possibility of pathogenic organ- 
isms in the final product after all other precautions have been taken. 
Finally, comes the sanitary outfit to carry a sanitary product to its 
destination, provided all the other provisions in the score card have 
been lived up to. 

The score card follows: 
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Board of Health 

SAJnTART INSPECTION OP CITY ICE CREAM PLANTS 

Score Card 

Owner or manager 

Street and No 

City State. 

Trade name 

Number of wagons Gallons sold daily 

Permit or License No 

Date of inspection 192 

Remarks. .. 


Inspector. 

Arranged by F. W. Fabian, Michigan Agricultural College, Department of 
Bacteriology and Hygiene, East Lansing, Michigan. 


f Bulk ice cream. 
\ Brick ice cream 


jorikNAL or daxrt boxbhcb, tol. xxx, xo. 3 
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Building : 

Location : 

Sanitary surroundings 

Arrangement 

Separate receiving room 1 

Separate freezing room 2 

Separate mixing room 2 

Separate wash room 1 

Separate sales room 1 

Separate boiler room 1 

Separate refrigerator room 1 

Construction 

Floors, tight, sound, cleanable 2 

Walls, tight, smooth, cleanable 1 

Ceilings, smooth, tight, cleanable 1 

Drainage 2 

Floors 1 

Sewer or septic tank 1 

Provision for light 2 

(10) per cent of floor space). 

Provision for pure air 2 

Screens (windows, doors) 1 

Minimum of shafting, pulleys, hangers, exposed 

pipes, etc 1 

Apparatus 

Boiler 2 

(Water heater, 1) 

Appliances for cleansing utensils and cans 1 

Sterilizers for cans, etc 2 

Wrapping machine (brick ice cream) 2 

Clean table for hand wrapping 1 

Wash bowl, soap, and towel in handling room. . 1 

Condition 4 

Ice cream freezing and mixing ma- 
chinery 2 

Pipes, couplings, and pumps 1 

Cans and containers 1 

Laboratory and equipment 

Water supply 

Clean and fresh 1 

Convenient and abundant 1 


8CORS 


Perfect 


Allowed 


2 

9 


12 


2 

2 


Total, 


40 
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Perfect Allowed 


Building 14 

Cleanliness : 

Floors 3 

Walls 2 

Ceilings 2 

Doors and windows 1 

Shafting, pulleys, pipes, etc 1 

Freedom from odors 2 

Freedom from flies 3 

Apparatus 7 

Cleanliness ; 

Thoroughly washed and rinsed 3 

Machinery handling mix 2 

Pipes, cans, etc 1 

Sterilized with live steam 3 

Machinery handling mix 2 

Pipes, cans, etc 1 

Protected from contamination 1 

Ice cream containers 7 

Thoroughly washed and rinsed 3 

Sterilized with steam 15 minutes 3 

Inverted in clean place 1 

Handling cream, milk, etc 21 

Received below 50®F 3 

(50®F. to 55®F. 2) 

(55 ®F. to60®F, 1) 

Freedom from undue exposure to air 1 

Cooling 4 

Promptness 2 

Below 45®F 2 

Pasteurization of raw materials at 145®F. for 30 
min. and promptly cooled to 45®F. or below. . 4 

Bricks wrapped by machine 2 

(Bricks wrapped by hand, 1) 

Ice cream container protected by cover 1 

Storage of ice cream at 0®F 4 

(0®F. to 6®F. 3: 5®F. to 10®F. I) 

Protection during delivery 2 

(Iced during entire year) 

Inspection 6 

Bacteriological work 3 

(Raw materials, 1, Finished product 2) 

Inspection of dairies supplying cream 3 

(2 times a year, 2; once a year, 1) 

Miscellaneous 5 

Cleanliness of attendants 2 


(Personal cleanliness, 1; clean, washable 
clothing, 1). 

Medical inspection of employees handling prod- 


ucts 1 

Cleanliness of delivery outfit 2 

Total 60 
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COMMITTEE APPOINTMENTS FOR THE AMERICAN 
DAIRY SCIENCE ASSOCIATION FOR 1920* 


Dairy Farm Score Card 

Ebnest Kelly, Chairman W. A. Stocking 

C. B. Lane I. C. Weld 

H. A. Hakdino P. M. Bbandt 


Milk Quality 


H. A. Habdino, Chairman 
W. A. Stocking 
J. D. Bbew 


R. S. Bbbed 

E. G. Hastings 

F. Raskussen 


Bacteriological Methods for Market Milk 


R. S. Bbeed, Chairman 
L. A. Rogebs 


E. G. Hastings 
B. W. Hammeb 


J. D. Bbbw 


Relation to Breed Associations 

C. H. Eckles, Chairman E. G. Woodwabd 

H. H. Wing W. W. Yapp 

Rot T. Habbis G. C. White 

H. H. Kildeb 

Methods Conducting Student Dairy Cattle Judging Contest 

H ELMER Rabild, Chairman E. L. Anthony 

H. H. Wing H. H. Kildee 

William Regan J. B. Fitch 

W. W. Sweet 

Official Methods for Testing Milk and Cream for Butter Fat 
O. F. Hunziker, Chairman Fred Rasmussen 


F. W. Bouska 


H. C. Trot 


L. A. Rogers 


Legal Standards for Butter 

E. S. Guthrie, Chairman G. H. Benkendorf 


S. C. Thompson 


C. L. Roadhouse 


F. W. Bouska 


* This is a complete list of committee appointments as just received from 
President Mortimer. — ^Editor. 
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Statistics on Production and Marketing of Dairy Products 

Roy C. Potts, Chairman S. C. Thompson 

O. F. Hunziker C. E. Lee 

L. M. Davis 


Graduate Instruction in Dairying 

W. A. Stocking, Chairman H. A. Harding 

R. A. Pearson C. H. Eckl.es 

C. W. Larson E. G. Hastings 


Courses of Instruction for Dairy Inspectors 

A. C. Anderson, Chairman I. C. Weld 

H. E. Van Norman J. A. Gamble 

C. E. Reed Ernest Kelly 


Feeding Standards for Milk Production 


C. Larson, Chairman 
C. H. Eckles 
Helmer Rabild 
A. C. Ragsdale 


A. A. Borland 
E. S. Savage 
C. C. Hayden 
H. P. Davis 


Score Cards for Dairy Products 


J. H. Frandsen, Chairman 
H. B. Ellenberger 
S. C. Thompson 
B. W. Hammer 
L. A. Rogers 

J. A. 


Ernest Kelly 
W. P. B. Lockwood 
W. W. Fisk 
J. L. Sammis 
O. F. Hunziker 

Gamble 


Methods for Conducting Student Dairy Products Judging Contest 

William White, Chairman E. S. Guthrie 

W. P. B. Lockwood J. H. Frandsen 

A. W. Rudnicx H. F. Judkins 

8. C. Thompson 


State and National Brands for Butter and Cheese 


W. W. Fisk, Chairman 
C. E. Lee 
A. W. Rudnick 


C. Larsen 
N. W. Hepburn 
N. D. Chappell 


Cream Grading 

J. H. Frandsen, Chairman 
F. W. Bouska 
George B. Caine 


G. L. Martin 


G. S. Hine 
C, W, Larsen 
J. A. Clutter 
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Legal Standards for Ice Cream 

H. A. R0SHE, Chairman E. F. Goss 

R. M. Washbttrn W. W. Fisk 

O. F. Hunziker 

Official Methods for Testing Butter for Butter Fat 

H. C. Trot, Chairman C. E. Grat 

R. H. Shaw 

Cost of Production 

Oscar Erf, Chairman G. F. Warren 

F. A. Pearson A. C. Anderson 

Ernest Kelly 

Constitution and By-Laws 

C. H. Eckles, Chairman W. J. Fraser 

Fred Rasmussen R. A. Pearson 

O. F. Hunziker J. H. Frandsen 


M. Mortensbn 



DAIRY NOTES 

J. W. HENDRICKSON 
University of Nebraska 

The Dairy Division at Washington, D. C., gives a report of the fol- 
lowing changes: 

Mr. C. J. Babcock^ assistant market milk specialist, has been reap- 
pointed in the Dairy Division and has been assigned to dairy sanita- 
tion investigations in the market milk section. Mr. Babcock is a 
graduate of Ohio State University. 

Dr. N. R. Blatherwickf who has been engaged on investigations in 
the physiology of milk secretion since 1915, conducted by this Division 
at its dairy farm at Beltsville, Maryland, has resigned to take charge 
of a research laboratory at Santa Barbara, California, which is being 
conducted in connection with a hospital where studies are being made 
of nutrition diseases, under the auspices of the Rockefeller- Institute. 

Mr. P. A. Clemmer^ who has been engaged in bacteriological inves- 
tigations of milk since 1915, has resigned to go into business in Penn- 
sylvania. 

Mr. L. B. Cooky market milk specialist since 1912, who has recently 
conducted milk sanitation investigations in the vicinity of Grove City, 
Pennsylvania, has resigned to accept the position of manager of a milk 
plant in Kane, Pennsylvania. 

Mr. A. O. Dahlberg, dairy manufacturing specialist since 1912, en- 
gaged in research problems in dairy manufacture, has resigned to 
accept a position with the California Central Creameries. 

. Mr. C. S. LcetSy assistant market milk specialist since 1917, has 
resigned to accept a position as field agent and inspector for the New 
Orleans Pure Milk Company, New Orleans, Louisiana. 

Mr. R. J. PossoUy market milk specialist, has been transferred from 
the Washington office to the Dairy Division office at Salt Lake City, 
to take the place of C. F. Hoyi;, resigned. Mr. Posson will carry on 
the market milk work in the western states, which deals principally 
with the California State Department of Agriculture at Sacramento. 

Mr. Geo. B. Taylor, market milk specialist of the Dairy Division 
since 1915, has resigned to accept the position of chemist and bacteriol- 
ogist with Geo. M. Oyster’s '^Chestnut Farms Dairy,” Washington, 
D. C. 
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Mr, P, A, Campbell^ has been appointed for dairy extension work in 
the State of Connecticut, conducted cooperatively by the Dairy Divi- 
sion, United States Department of Agriculture, and the extension 
department, Storrs, Agricultural College, Storrs, Connecticut. Mr 
Campbell received his B. S. degree from New Hampshire State College, 
and his Master’s degree from Iowa State College. He served as pro- 
fessor of animal husbandry. University of Maine, 1905-1913; as man- 
ager of Hillside Dairy Company, Dixville Notch, New Hampshire; 
and recently was manager of Ayredale Stock Farm, Bangor, Maine. 

We are pleased to report that Prof. C. L. Roadhouse of the depart- 
ment of dairy industry. University of California, has under process of 
erection a fine new dairy building which will when completed add much 
to the efficiency of both the teaching and the experimental work to be 
carried on at that institution. 

Professor Roadhouse also reports some changes that have taken 
place in his staff of co-workers. 

Mr. S. L. Denning j instructor in the dairy industry division at the 
University of California, resigned in January to take a position with 
the Premier Machinery Company, San Francisco, California. 

Mr. H. S. Bairdf assistant professor of dairy industry. University of 
California, has a leave of absence, and has taken a position as superin- 
tendent of manufacture with the Northern California Milk Producers 
Association at Sacramento, California. 

Mr. 0. D. Tumbow, formerly dairy extension specialist at University 
of Wyoming, has accepted a position as assistant professor of dairy 
industry at University of California. Mr. Turnbow took up his new 
duties on February 21, 1920. 

Jean Prescot Adams, director of food economics for Armour and 
Company, gives the following points relative to the care, preparation 
and use of cheese; 


THE PRINCIPLES IN CHEESE COOKERY 

With cheese in such prominence in the dietary of the individual, the house- 
wife will be anxious to acquaint herself with some of the outstanding points in 
relation to cookery and digestion of this most important product. 

When cheese is first purchased, a few minutes should be taken to properly 
care for it. Wrap it either in oiled paper or in a wet tea towel and store it so as 
to avoid any possible contamination from strong flavors or odors. 

Being a ready-to-eat product, cheese in cookery is heated merely to melt it 
and incorporate it with the rest of the mixture. This operation does not require 
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high heat. And, too, being high in protein content, cheese must be cooked at 
a low temperature in order to attain a resulting product that will be easily di- 
gested. Therefore, in most made cheese dishes, the double boiler is employed. 
By this method of radiation, a cheese dish may be prepared without direct con- 
tact of high heat. If necessity demands a direct flame, the flame should be low 
and the time of cooking should be short. 

American cheese serves many purposes. The effect of creamed cheese may be 
obtained by adding grated cheese to small amount of cream. Cheese may be 
used in desserts. Its flavor is well liked in pastries and in salads it is unsur- 
passed. Caution must be exercised in the adding of cheese to acid material. 
It is advisable in made dishes where cheese and milk are to be mixed with acid, 
as acetic in vinegar, to dilute the vinegar with water, and then mix it with the 
flour Which is generally used as a thickening agent in cheese dishes. 

Cheese left over may be used in extending cheese flavor in vegetable dishes, 
mashed potatoes or in pastries. All unused cheese, if of sufficient amount, 
may be coated with paraflfin and stored away for future use. 

Dr. E. S, Gutherie^ of Cornell University, dairy department, furnishes 
the following news items: 

Prof, H, C. Troy^ who has been on sabbatic leave during the first 
semester of the 1919-1920 college year, has returned to his duties at 
Cornell. Professor Troy was collaborating in some work with Mr. 
Timothy Mojonnier, of Mojonnier Brothers Company, Chicago, Illi- 
nois. 

Prof, F, W, Bouska of the American Creamery Butter Manufac- 
turers' Association, visited Cornell in February, and addressed the 
dairy students. 

Prof, Fred Rasmussen, Secretary of Agriculture of Pennsylvania, 
was a Farmers' Week speaker at Cornell. 

The new additions to the staff at Cornell this year are: Mr, M. P. 
Moon, H. B. Neville, W. V. Price, L. E. Smith, and M. B. Robinson. 
These men were all former students and are now taking graduate work. 
Mr. Moon and Mr. Neville were in the sanitary corps in the army. 
Mr. E. Pittman, of the University of Kentucky, is also a new addition 
to the department of dairy industry, at Cornell, and is taking graduate 
work. 

Prof, Jamee D, Brew, a graduate of Cornell, later of the experiment 
station staff of Geneva and Illinois, and later in the employ of the 
Nestle's Food Company, is now assistant professor of extension teach- 
ing in the dairy department, at Cornell. 

Mr, Q, Clayton DtiUon, for several years an extension instructor of 
the department of dairy industry, at Cornell, specializing in cheese, is 
now in commercial work in Vermont. 
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Mr. C. R. Owens and Mr. L. D. Spink, of the department of farms 
and markets of New York State, assisted in the instruction of the 
winter course in dair3dng. 

The following extract is taken from a report of the Glass Container 
Association of America: 

There are obvious reasons why the public want glass: 

1. The fact that people can see the cream line and the contents protects them 
against fraud by those milk dealers who might be disposed to put a very thin or 
even skimmed milk into the paper container without detection. 

2. The same reason enables the public to know that their milk is clean. 

3. The glass bottle adapts itself readily to machinery. 

4. Bacteria growth is less in glass. 

5. There is no foreign taste or flavor to milk in glass bottles. 

6. Milk can be iced, handled and kept more easily in glass. 

7. Glass is by far the cheapest of all containers. 

8. The glass bottle is the most sterile of all containers. 


MINERAL MATTER AND MILK 

Experiments conducted by the Bureau of Animal Industry, United 
States Department of Agriculture, with dairy cows are showing an im- 
portant relation between milk secretion and certain mineral substances. 
Feeding compounds of phosphorus and calcium have resulted in a 
decidedly beneficial effect on the milk flow in both quantity and fat 
content. 

It has been shown also that a deficiency of phosphorus in dairy 
rations has a detrimental effect on milk secretion of cows and growth 
of calves. A remedy was found in the addition of sodium phosphate 
to rations deficient in phosphorus. The work is being continued. 


XTSE FOR WASTED WHEY 

Development of a method of utilizing whey as a human food is the 
object of work now in progress in the Bureau of Animal Industry, 
United States Department of Agriculture. It is thought probable 
that whey represents a greater actual loss of food than skim milk — 
which now has become an important by-product in the dairy industry — 
because its feeding value is not generally recognized. Cheeses have 
been made from whey, but the demand for them has been limited. The 
use of these cheeses might be extended if their value for cooking could 
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be brought to the attention of housekeepers. Investigations of the 
use of whey solids as poultry feed also have been begun. 

Considerable work has been done on the development of casein for 
use in waterproof glue, and a casein of low ash and acid has already 
been produced. 

A method of producing casein from buttermilk is also being worked 
out. By use of a solvent to extract the fat from the buttermilk, small 
lots of casein have been made, and this product was found to be of 
general good quality and low in fat and ash, but it had the objection of 
dissolving slowly. 

HOW FOREIGN COMPETITION AFFECTS DAIRY INDUSTRY 

To meet foreign competition, dairy farmers of the United States 
must be able to produce a better quality of product and produce and 
market it more economically and more efficiently, according to special- 
ists in the Bureau of Markets, United States Department of Agri- 
culture. 

Arrivals of shipments of Danish butter are already affecting prices 
on the New York city market, Argentina is producing nearly three 
times the amount of butter and cheese consumed, and some of the sur- 
plus may be expected to come to this country or compete with our 
products in foreign countries. Before the war Siberia was rapidly 
extending its dairy industry, and when conditions become settled in 
that country it may be expected to come back as a factor in the world’s 
market. Recently there' have been signs of interest in dairying in South 
Africa, and the industry as developed in New Zealand and Australia 
must be reckoned with. 

If the dairy products manufactured in the United States are of a 
better quality than those from other countries they need not fear com- 
petition. Canada’s cheese industry illustrated this. A strict system 
of government supervision in the training of cheese makers, in the 
operating of the factories, and in the grading, marketing, and exporting 
of the product exists there. This has tended toward an improvement 
in the quality of Canadian cheese until it ranks with the finest on the 
English markets. 

The dairy industry in Argentina has grown rapidly since the begin- 
ning of the war. Before the war butter exports from that country 
totaled 3262 tons a year; in 1918 they were five times that. Cheese 
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exports were far exceeded by the imports in 1913. Now the con- 
ditions are reversed — over 6000 tons of cheese being exported in 1918. 

Today most of these exports are going to European markets, but 
should conditions become favorable it may be expected that some of 
them will come to this country. The Bureau of Markets warns dairy- 
men to be prepared to meet this competition. 



CLARIFICATION OF MILK^ 

CHARLES E. MARSHALL and E. G. HOOD 
Together with Arthur N. Julian, S. G. Mutkekar and Max S. Marshall 
Massachusetts Agricultural Experiment Stationy Amherstj Massachusetts 

That the clarifier is capable of performing certain functions 
in cleaning milk and modifying its fermentations is abundantly 
apparent to any close student of the process. Whether it has 
reached the acme of its powers is still to be demonstrated. In 
the present article it is the purpose of the writers to convey some 
of the causes for its influence upon microbial activities. It is 
not felt, however, that all of these have been determined. 

In Bulletin 187, Massachusetts Agricultural Experiment Sta- 
tion, and in an article presented before the American Public 
Health Association^ at New Orleans, a summation of what the 
clarifier does is obtainable and it need be repeated here only 
in a form to serve the purpose of presenting an analysis and proof. 
In order to classify the results without furnishing unnecessary 
and too many accumulated data, only illustrative experimental 
evidence will be offered throughout this article. 

I. VARIATIONS IN THE MICROBIAL CONTENT OP MILK AFFECTING 

CLARIFICATION 

It is a well established fact that milks differ very widely in 
their microbial content, consequently the reaction of milk to 
the clarifier must be variable. This has been set forth in one 
way and another throughout Bulletin 187 and especially is it 
set forth by the fact that the numbers of microorganisms elimi- 
nated are subject to great variations which are due to many 
factors. The fermentations incident thereto likewise are not 
uniform and are widely variable. 

* This article will be published later by the Massachusetts Agrioultural 
Experiment Station as Part II of Bulletin 187. 

* Studies in the clarification of milk, by C. E. Marshall, E. G. Hood, S. G. 
Mutkekar, John Yesair and Max Marshall. 
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II, AN ANALYSIS OP SOME DIFFERENCES EXISTING BETWEEN 
UNCLARIFIED AND CLARIFIED MILK 

1. Naked eye appearances. To the worker the differences 
between unclarified and clarified milk become more and more 
evident as he studies innumerable samples by contrast or com- 
parison. Sometimes they are slight, sometimes very notice- 
able to the naked eye. They find their explanation in the 
evidence which follows. 

S. Microbial evidences. It became necessary to utilize distinct 
species of microorganisms for satisfactory results because platings 
and isolations from unclarified and clarified samples of milk 
proved unsatisfactory in our hands in reaching an analytical 
determination of microbial values. 

TABLE 1 

IllustTative test; per cent of organisms eliminated by the clarifier 


Oidium lactis 99-|- 

Saccharomyces cerevisiae 99+ 

B, tumescens 66+ 

B, suhiilis 47+ 

B, coli 35+ 

StrepL pyogenes 20+ 

Strept, I actions 24+ 


An arrangement from the largest to the smallest forms of 
organisms will convey the significance of the action of the centrif- 
ugal force of the clarifier. 

While these numbers may vary considerably, it is true that 
colonies or organisms in masses and large organisms are more 
readily cast out than small organisms, due probably to the rela- 
tion of the surface area of the cell to the cell volume. This 
corresponds exactly with the work of any centrifuge. 

3. Proteolysis.^ There is every indication, too, that proteolysis 
takes place to a greater extent in unclarified than in clarified milk. 
This is attributable to the lactic direction given to fermentation 
by the clarifier. Particular attention will be given to this “di- 
rective influence” under “Causes for Differences” which follows 

• These determinations were made by Mr. S. G. Mutkekar. 
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later. Out of the analyses of ten samples, the writers will offer 
only one inasmuch as all are very much the same. The Kjeldahl 
method was employed in the determinations. 

J^. Acidity. A difference in acidity has been recognized by 
several workers whose publications have been noted in Bulletin 
187. There is a slight increase in the clarified samples. This 
increase is uniform and harmonizes with carbon dioxide findings 
which will be given later and with the lactic directive influence 
already suggested. 


TABLE 2 

Illustrative sample 


▲an or mils 

TOTAL N IN 100 CC. SEBUM 

PBOTEXN PBB 100 OC. SEBUM 

XKCBEASE OP SOLUBLE 
PBOTEIN 

A 

B 

A 

B 

A 

B 

dayt 







6 

0.1317 

0.1359 

0.823 

0.849 


0.026 

7 

0.1345 

0.1352 

0 841 

0.844 


0.003 

8 

0.1303 

0.1387 

0.814 

0.867 


0.053 

9 

0.1310 

0.1429 

0.819 

0.893 


0.074 

10 

0.1275 

0.1331 

0.797 

0 832 


0.035 

11 

0.1303 

0.1450 

0-814 

0.906 


0.092 

12 

0.1331 

0.1401 

0.832 

0.876 


0.044 

13 

0.1457 

0.1401 

0.911 

0.876 

0.035 


14 

0.1436 

0.1471 

0.897 

0.919 


0.012 

15 

0.1485 

0.1583 

0.928 

0.989 


0.061 


Af clarified milk; B, unclarified milk. 


Only one illustrative table will be inserted as representative 
of thirteen similar determinations made. The method of de- 
termination is included that the reader may give proper inter- 
pretation to the results. 

Determination of acidity in milk serum. 100 cc. of milk were put in 
flasks which were held at temperature ranging from 12®~14®C. until 
the milk had curdled — ^usually three to five days. The milk was then 
filtered and serum obtained. An aliquot of 10 cc. of this serum was 
then pipetted into a flask and diluted to 100 cc. with distilled water. 
Two or three drops of phenolphthalein were then added and the titra- 
tion accomplished by decinormal NaOH. 





248 


CHARLES E. MARSHALL AND E. G. HOOD 


6. Gas prodiiction. The determination of the total amount 
of gas to be foimd in clarified and unclarified milk has not yet 
been attempted. However, the amount of carbon dioxide formed 
has been accurately measured by Prof. Arthur N. Julian who 
reports the results as shown in tables 4 and 5. 

Methods used. In general, the method used in the following deter- 
minations of CO 2 production in clarified and unclarified milk is that 
employed by E. Truag of the Soils Department, Wisconsin Experiment 


TABLE 3 

Illustrative sample 


DATS I 

i 

AGS OF MILK 

N/IO Na< 

B 

OH UBED 

A 

1918 

days 

ee. 

ec. 

January 28 

4 

6.00 

5.94 

January 29 

5 

5.80 

5.80 

January 30 

6 

5.82 

5.88 

January 31 

7 

6.14 

6.50 

February 1 

8 

6.76 

6.48 

February 2 

9 

6.74 

6.82 

February 3 

10 

6.70 

6.80 

February 4 

11 

6.90 

7.00 

February 5 

12 

6.82 

7.00 

February 6 

13 

7.10. 

7.52 

February 7 

14 

7.40 

7.52 

February 10 

17 

7.40 

7.84 

February 11 

* 18 

7.54 

8.10 

February 12 

19 

7.90 

8.30 


A, clarified milk; unclarified milk. 


Station, in his work on CO* in soils. (J, Ind. wd Eng. Chem., vii» 
no. 12, December, 1916). 

Special adaptations to the problem in hand may be mentioned as 
follows, the accompanying diagram illustrating the arrangement of 
apparatus. 

This apparatus was set up in duplicate, so that the clarified and 
unclarified samples of milk were receiving treatments as nearly as 
possible identical. 

Two wash bottles containing strong KOH (3) and broken glass 
were employed to deliver C02-free air to the flask containing the milk 
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sample (;8), then a two-way stopcock (4), one tube of which extended 
only to the surface of the milk in flask {2), while the second arm deliv- 
ered air to the bottom of the flask. The first of these tubes (delivering 
air to the surface) was used in making the first two determinations of 
each experiment, representing the free evolution of gas; the arm extend- 
ing to the bottom was employed in displacing the CO 2 gas held in solu- 
tion, in making the third determination, approximating ^Hotal gas.*’ 


(Cka|»m«n) 


KOM wukWHU» 


w w 



,K third pair of wash bottles, identical with that in diagram, was 
employed in the preliminary filling of the Truag tower and suction 
flask {1) with C02-free air. 

No attempt was made to determine how closely the approximate 
total gas” of the third determination approached actual total gas, one 
and one-half hours* suction being chosen arbitrarily as a reasonable 
standard time for both samples, hence valuable only for comparative 
purposes. 

The usual precautions were observed in the matter of uniformity of 
milk, safeguards against contamination from CO 2 of the air at all 
steps, etc. 
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The following table presents the results of ten experiments, five on 
raw commercial and five on raw certified milk, figures representing 
CO 2 in terms of grams per 1200 cc. milk employed. 


TABLE 4 
Market milk 


DBTKRMX* 

NATION 

BAMPLB 1 

8 AMPI.X XI 

BAMPLB III 

SAMPLE IT 

SAMPLE T 

Clarified 

Unolari* 

fied 

Clarified 

Unclari- 

fied 

Clarified 

Unclari- 

fied 

Clarified 

Unclari- 

fied 

Clarified 

Unolari- 

fied 

1. 18-f 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

24 hrs. 

27 hrs. 

27 hrs. 

24 hrs.\ 





0.0024 



0.0086 



2, 42-f 

48 hrs. 

48 hrs. 

44 hrs. 

44 hrs. 

48 hrs. 

48 hrs. 



43 hrs. 

43hra. 

48 hrs.\ 





0.0139 

0.0123 



0.0125 

0.0051 

3. 50~f 

HR 


53 hrs. 

53 hrs. 

60 hrs. 

60 hrs. 

40 hrs. 

40 hrs. 

53 hrs. 

53 hrs. 

60 hrs.\ 



0 0290 

0.0372 

0.0161 

0.0147 


0.0205* 

0.0257 

0.0255 

Totals 

0 1057 

0.0774 

0.0510 

0 0457 

0 0324 

0 0294 

0.0359 

0.0291 

0.0512 

0.0398 


* Total at 40 hours to save sample from going over top; excessive gas formation. 


TABLE 5 
Certified milk 


DBTBRMI- 

SAMPLE I 

SAMPLE II 

SAMPLE III 

SAMPLE IT 

SAMPLE y 

NATION 

Clarified 

Unclari- 

ficd 

Clarified 

Unclari- 

fied 

Clarified 

Unclari- 

fied 

Clarified 

Unclari- 

fied 

Clarified 

Unclari- 

fied 

1 . IS—f 
24 hrs.\ 

12 hrs. 
0.0015 

12 hrs. 
0.0011 

24 hrs. 
0.0059 

24 hrs. 
0.0018 

24 hrs. 
0.0062 

24 hrs. 
0.0020 

18 hrs. 
0.0059 

18 hrs. 
0.0015 

24 hrs. 
0.0066 

24 hrs. 
0.0020 

2. 424 
48 hrs.\ 

36 hrs. 
0.0090 

36 hrs. 
0.0090 

48 hrs. 
0.0152 

48 hrs. 
0.0059 

48 hrs. 
0.0266 

48 hrs. 
0.0185 

42 hrs. 
0.0145 

42 hrs. 
0.0057 

42 hrs. 
0.0134 

42 hrs. 
0.0046 

3. 504 
60 hrs.\ 

60 hrs. 
0.0162 

60 hrs. 
0.0279 

60 hrs. 
0.0169 

60 hrs. 
0.0172 

60 hrs. 
0 0460 

60 hrs. 
0.0583 

50 hrs. 
0.0480 

50 hrs. 
0.0526 

50 hrs. 
0.1415 

50 hrs. 
0.1078 

Totals 

0.0267 

0.0380 

0.0380 

0.0249 

0.0788 

0.0788 

0.0684 

0.0598 

0.1615 

0.1144 


From the results of Professor Julian the writers are led to 
interpret the increased amount of carbon dioxide in clarified 
milk as due to the stimulation given to lactic fermentation which 
has already been referred to and the reasons for which will appear 
in connection with other considerations. 
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6. Methylene blue rediiction. The reduction of methylene blue 
is so little understood that to draw any particular conclusions 
is precarious. Some have claimed that clarified milk has reduced 
methylene blue more quickly than unclarified milk and others 
that unclarified acts more rapidly. The illustrative tests inserted 
will indicate that the unclarified milk has reduced methylene 
blue more rapidly than the clarified although constancy does 
not exist throughout. The limited number of tests presented 
as illustrative furnish a fair notion of the general results secured. 

Method employed for reduction of methylene blue. Methylene blue: 
5 cc. concentrated alcoholic solution and 195 cc. distilled water. 2 cc. 
of this solution is added to 50 cc. of milk and the mixture well shaken 
until the color is uniform. Better to make this mixture in sterile flasks 
and then pour into the test bottles. These bottles are then kept in 
the incubator at 37°C. and the changes noted from time to time. 

7. Character of curd . — It has been convincing to ascertain in 
a large percentage of cases that the casein obtained by filtra- 
tion from unclarified and clarified milk followed a distinctive 
course in decomposition. The casein deposit from the unclari- 
fied milk produced molds abundantly and seemed to undergo 
proteolysis readily and rapidly; that from the clarified milk 
seemed much freer from molds and proteolysis and followed the 
course as witnessed in cheese curd w^hen acid has been developed. 
This bears testimony to the starter-effect of the clarified which 
has been reverted to in this discussion quite frequently. 

In securing the above curds, the milk samples before and 
after clarifying were set aside in a suitable place.' In our w^ork 
a room having a constant temperature of about 17°C. has been 
used. After the milk samples had curded, they were carefully 
filtered through sterile filter paper. The precipitated curd, 
covered over, was held on the paper in the funnel and the changes 
watched. 

This procedure proved to be one of the most striking crude 
methods of noting the differences between unclarified and clari- 
fied milk. If care is exercised, it is a method which may be 
easily utilized without laboratory facilities. 



TABLE 6 


Illustrative tests; reduction of methylene blue; certified milk 


KtTMBBJB 
OF TXST 

OATS 

SAMFliK 

AQE or 

MTt.ir 

TSMPBn* 

ATtJBB 

or 

HOZiDIKO 

TIMS or 

STARTING 

RS0170T10N 


TOT AI. TIMS 

or 

RSDXTOriON 

BACTBRIA PSB 
CUBIC CBNTX- 
MBTER 

1 

n 

Minutes 

Hours 

Minutes 

I 

Minutes 





deg. C. 










A 115 

A 

Once 

20-22 

6 


3 

5 

9 

42 





B 

Once 

20-22 

6 


3 

0 

9 

0 


T 


4/16 

A 

24 

20-22 




34 

B 

23 

8,000,000 




B 

24 

20-22 

1 

23 


22 

B 

45 

7,200,000 



Ain 

A 

48 

20-22 

1 

15 


30 

B 

35 

60,000,000 




B 

48 

20-22 

1 

0 


8 

1 

8 

84,000,000 



4120 

A 

Once 

20-22 

6 

12 

2 

50 

9 

2 

4,800 




B 

Once 

20-22 

5 

45 

2 

30 

8 

15 


TT 


A 121 

A 

24 

20-22 

1 

58 

0 

19 

2 

17 





B 

24 

20-22 

1 

18 

0 

23 

1 

41 




4/22 

A 

48 

20-22 


17 

0 

11 

0 






B 

48 

20-22 


21 

0 

10 

0 





4/23 

A 

Once 

20-22 

4 

45 

0 

54 

5 






B 

Once 

20-22 

4 

30 

1 

0 

5 

30 


TTT 


4/24 

A 

24 

20-22 


22 

0 

3 

WE 

25 





B 

24 

20-22 

■1 

15 

0 

6 

0 





4/25 

A 

48 

20-22 

0 

32 

0 

10 

0 






B 

48 

20-22 

■1 

28 

0 

10 

0 





5/2 

A 

Once 

20-22 

7 

15 

0 

30 

7 

45 





B 

Once 

20-22 

6 

El 

1 

15 

7 





5/3 

A 

24 

20-22 

0 

58 

0 

12 

1 


20,000,000 

IV ^ 



B 

24 

20-22 


47 

0 

8 

WE 


12,000,000 



6/4 

A 

48 

20-22 


57 

0 

19 

1 

16 

49,000,000 

1 



B 

48 

20-22 


33 

0 

26 

0 

56 

57,000,000 



6/10 

A 

Once 

20-22 

11 

15 

4 

15 

15 

30 

1,600 




B 

Once 

20-22 

Ea 

46 

4 

0 

14 

45 

4,100 



6/11 

A 

24 

20-22 

4 

15 

3 

22 . 

7 

37 

320,000 

V ' 



B 

24 

20-22 

4 

0 

3 

0 

7 

0 

450,000 



5/12 

A 

48 

20-22 

1 

40 

0 

15 

1 

55 

21,000,000 




B 

48 

20-22 

0 

25 

0 

3 

0 

28 

46,000,000 

\ 


6/16 

A 

Once 

20-22 

n 

40 

B 

25 

6 

5 

1,020,000 




B 

Once 

20-22 

n 

16 

B 

50 

6 

65 

1,620,000 

VT J 


5 in 

A 

24 

20-22 

0 


0 

17 


34 

219,000,000 




B 

24 

20-22 

0 


0 


B 

7 

320,000,000 

VI 1 


6/18 

A 

48 

20-22 

■1 




B 






B 

48 

20-22 

■ 


■ 


■ 




Ay clarified milk; B, unclarified milk. 
Milk coagulated. 


262 
































CLARIFICATION OF MILK 


253 


The laboratory tests indicate that clarified and unclarified 
milk may be differentiated. The surface of the unclarified 
sample should reveal an abundant growth of molds while the 
clarified sample will appear quite free from molds. If this is 
true of molds, it is easily understood how yeasts and large micro- 
organisms have been eliminated in clarifying. The influence 
exerted by these organisms upon milk may be measured in a 
degree by the study of association. 

These tests with the curds and with the samples of unclarified 
and clarified milks are visible, striking and convincing, although 
furnishing only a crude interpretation. 

III. THE LEADING CAUSES OF SOME OP THE DIFFERENCES BETWEEN 
UNCLARIFIED AND CLARIFIED MILK 

1. Selective action. By selective action is meant the power of 
the clarifier to pick out the heavier organisms in greater per- 
centage than the lighter organisms. This power has been reverted 
to in Bulletin 187 and again at the beginning of this paper in 
which the rate of elimination of various organisms by the clari- 
fier is given. In this respect the clarifier corresponds closely to 
a centrifuge. 

Using an International Instrument Company’s No. 1-B cen- 
trifuge with a speed of 2250 revolutions per minute and suspending 
the microorganisms in milk the following results were secured. 

Comparing the work of the centrifuge with that of the clari- 
fier above, it would be approximately true to say that the centri- 
fuge running ten to fifteen minutes gives about the same results 
as the clarifier gives running at 8000 revolutions per minute 
and in which the passage of milk is effected in about seven 
seconds. 

The clarifier has demonstrated its efficiency in casting out 
dirt particles which have a specific gravity greater than milk. 
The larger microorganisms apparently respond to its action 
very readily as is shown in table 1. This is due to the specific 
gravity and likewise to the relation of surface to cell-volume. 
The smaller the organism, the greater the extent of surface is 
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to its cell-volume although the density of the cell-contents may 
be the same as in the larger organism or may be different. It is 
also a matter of common observation among microbiologists 
that microorganisms are not constant in their density. 

TABLET 


Illustrative tests 


TIMS 


microCroanibmb 


B. subtilis 
per loop 

Strept. lacticus 
per loop 

Oidtum lactis BporeB 
per loop 

minutes 

At Start 

3661 

164 

180 

5 

1017 

121 

3 

10 

349 

104 

1 

16 

84 

84 

1 

20 

48 

73 


25 

13 

49 


30 

8 

45 


Per cent removed — 

99.8 

72 

100, at end of 20 




minutes 


TABLE 8 


PBR CBNT OF TOTAL ELIMINATED IN 



First 

Second 

Third 


Clarification 

Clarification 

Clarification 

Sacch, cerevisiae 

99.2 

99.6 

99.9 

StrepL lacticus 

20.0 

55.1 

85.1 


Comparing two organisms, Saccharomyces cerevisiae, a large 
organism, and Streptococcus lacticus, a small organism, in whole 
milk after passage through the clarifier three times will give 
some idea of the relative results. The removal of such organisms 
as Oidium lactis, yeasts and large bacteria has a decided tend- 
ency to disturb the germ-equilibrium which, in the case of milk, 
results in the lactic organisms, which are very small and do not 
colonize readily, dominating the field and thus giving rise to 
quickened lactic fermentation. When operating together with 
two other factors, associative influences and distribution, which 
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will now be considered, it is readily seen that a combination of 
forces is operative in a clarifier, each one of which has some 
influence, although difficult to determine quantitatively. 

Associative inflitences. It will suffice, in this connection, to 
confine ourselves to a single study which will set forth our 
ideas, although many phases of this particular subject has been 
investigated. 

Preparation. Forty 300-cc. flasks containing 100 cc. of litmus 
skimmed milk each were made ready by the usual methods. The 
milk was sweet (no acid could be detected) skimmed market milk and 
of the same lot. These flasks w^ere arranged in duplicate series. Two 
flasks were held as sterile checks and two used for Sirept. lacticus con- 
trol. Three series of six flasks each in duplicate were treated as indi- 
cated in table 9. The inocula consisted of a culture of StrepL lacticus 
diluted so that each drop from a Roux pipette contained 200 organisms; 
of B. subtilis diluted in the same manner but each drop contained only 
25 organisms; of Oidium lactis spores diluted in the same manner but 
each drop contained 500 spores. The flasks were arranged and inocu- 
lated according to the following scheme with the results indicated 
opposite each series. 

Under selection it is evident that there is a tendency to 
disturb the numerical relationships or equilibrium of micro- 
organisms present in milk or any other fluid serving as a men- 
struum for fermentation. This disturbed relationship, therefore, 
must result in an altered or modified fermentation. For instance, 
it is easily demonstrated that the presence of B. subtilis in asso- 
ciation with StrepL lacticus hastens the action of the latter. It 
is also easily demonstrated and well known that with the rapid 
development of StrepL lacticus in the presence of Oidium lactis, 
the growth of Oidium lactis is hastened. Further, it can be 
easily demonstrated that the growth of B. subtilis and StrepL 
lacticus stimulates the Oidium lactis beyond that of the StrepL 
lacticus alone. Now if a centrifuge or clarifier is introduced in 
a mixed culture of StrepL lacticus, B. subtilis and Oidium lactis, 
in milk, the Oidium lactis is thrown out to such a degree that 
when StrepL lacticus develops only a colony here and there will 
be found; Oidium lactis growth becomes practically negligible^ 
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TABLE 9 

Illustrative associative study 



FL.ABX 
NUM- 1 


XMOCnX.A 

BBsninrs 


BKB 




Check Series / 


Sterile — none 

Remained sterile 

I 1 


Sterile — none 


Strept, lacti- 
cus, Series ' 


strept, lacticuB 




1 drop 

1 drop 


Curded in 72 hours 
with litmus re- 

11 



duction normal 



Strept. UieticuB 

B. BubtUia 



1 

1 drop 4“ 

1 drop 

Whole series fin- 


2 

1 drop 4- 

4 drops 

ished curding in 


3 

1 drop + 

8 drops 

53 hours. Litmus 

Strept. lactic 

4 

1 drop 4- 

12 drops 

changes slightly 

ctis 4- B. 

5 

1 drop 4* 

16 drops 

altered. Series 

subtiliSf 

6 

1 drop 4- 

20 drops 

flask No. 6 curded 

Series 111 


strept. lacticua 

Oidium laet%B 

in 51 hours or 2 
hours before se- 
nes flask No. 1. 
Curding proceed- 
ed from 6 to 1 


1 

1 drop 4” 

1 drop 

Whole series curded 


2 

1 drop 4“ 

4 drops 

together in 72 


4 

1 drop 4- 

8 drops 

hours same as 


4 

1 drop + 

12 drops 

Series II. O. lac- 


5 

1 drop 4- 

16 drops 

tis does not affect 


6 

1 drop 4“ 

20 drops 

cultures; does not 
grow much be- 

Strept. lacti- 




fore acid forms. 

cus -f- Oi- 




Growth of 0. lac- 

dium lactiSf 




tis normal and 

Series IV 




vigorous. De- 

struction of acid 
by 0. lactis was 
normal. Litmus 
changes followed 
lactic fermenta- 
tion as in Series 
II till 0. ,lacit 3 
reduced it almost 
permanently. 
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TASliS 9 — Oontinued 


rVABK 

NUM- 

BER 


INOCULA 


REBULrrs 


\Strept. lacticuB B. Bubtilia OxAxum lactts 


Strept. lacti- 

CU8 + B. 

subtilia 4- 
Oidium lac- 
tiSf Series V 


1 

2 

3 

4 

5 

6 


1 drop H- 1 drop + 1 drop 

1 drop 4- 4 drops 4- 4 drops 

1 drop 4- 8 drops 4* 8 drops 

1 drop 4- 12 drops 4- 12 drops 

1 drop 4” 16 drops 4* 16 drops 

1 drop 4- 20 drops + 20 drops 


Whole series curded 
in 56 hours or 3 
hours later than 
Series 111. Series 
flask No. 6 curded 
in 53 hours or 3 
hours earlier than 
series flask No. 1. ’ 
Curding proceed- 
ed from 6 to 1. 
Growth of 0. lac- 
tis more rapid 
and more vigor- 
ous than in Series 
IV. Destruction 
of acid by O. lac- 
tis also more rap- 
id than in Se- 
ries IV. Litmus 
changes same as 
in Series IV but 
much more pro- 
nounced. 


One drop Streptococcus lacticus » 200 organisms; 1 drop Bacillus subtilia » 
25 organisms; 1 drop Oidium lax:tis *= 500 organisms. 

Room temperature 17® to 25 ®C. maintained. 


Fiirther, should B. subtUis be removed to such an extent that 
its stimulating influence upon Strept. lacticus and Oidium lactis 
is submerged, then it can readily be seen that the fermentation 
produced by Strept. lacticus and Oidium lactis is retarded. In 
such a combination or mixed culture in milk as just named, 
Strept. lacticus is eliminated by the clarifier in a much less degree, 
24 per cent, than is either of the other organisms, Oidium lactis, 
99 + per cent, of B. subtilis, 47 -1- per cent. The result will be 
that Strept. lacticus left behind is likely to act very much as a 
starter or become actually conspicuous by its retention and fer- 
mentation. The other two organisms, B. subtilis and Oidium 
lactis, lose a large share of their significance. 
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Such combinations of microorganisms or mixed cultures can 
easily be followed to a point where the individualities of the 
organisms sink beyond recognition; in other words, associative 
influences may be followed as long as the species present mani- 
fest to the observer their individual action; then the analysis, 
or synthesis as the case may be, loses its clear definition and the 
observer becomes confused, no individuality of species can be 
determined. This evidence, however, has its bearing in con- 
nection with some of the results obtained from the use of the 
clarifier with certified or market milk, — a modification of the 
fermentation is evident in the majority of samples but this 
modification is extremely difficult to interpret. Differences in 
fermentation are detected many times between the unclarified 
and clarified milk, yet so complex and so variable are the condi- 
tions and the germ-content that an understanding must be 
through indirect channels and influences. So difficult, in fact, 
is it to determine these elemental differences, or factors involved, 
in terms of definite, positive and known data that it seems neces- 
sary at present to resort to this inferential study of selection and 
association if a clear idea is to be gained of what actually trans- 
pires in the use of the clarifier. 

3. Distributive action. It has been possible to demonstrate 
the distributive action of the clarifier in several ways. 

a. The increase in the number of microorganisms in market 
milk after clarification as revealed in Bulletin 187 is of common 
experience. In fresh or certified milk where colonization is not 
permitted to take place so freely the tendency is toward reduction 
in numbers. 

b. When B. coli is placed in glucose agar and the agar passed 
through the clarifier, the colonies resulting from the increased 
number of foci and the formation of gas bubbles at these points 
give a graphic illustration of what has taken place in the clari- 
fier — a colony apparently is broken into innumerable fragments. 

c. If a little oil is placed in water and the mixture passed 
through the clarifier, the mixture becomes a very fine emulsion. 

All of these experiences confirm the influence of the clarifier 
in causing the breaking up of colonies or groups of microorgan- 
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isms in milk and causing their distribution throughout the 
mass. 

4* Aeration, Air is taken into the clarifier bowl and mixed 
with the milk. It also finds its way in when impinging against 
the surface of the receiving pan as it emerges from the bowl. 
This is not a constant amount but the ratio as determined is 
about 7 to 3. 

If milk is tlioroughly aerated while clarifying, it is easily imder- 
stood how the growth of microorganisms is affected. The action 
in clarification, so far as can be detected, favors lactic fermentation. 

6. Unknown influences. The writers feel that they have not 
yet encompassed all of the agencies at work in the clarifier. This 
attitude results from certain manifestations which the writers 
have not yet been able to attack effectively or are so concealed 
that they frustrate attempts. 

SUMMARY 

1. The clarifier by its action modifies the fermentations of 
milk by its influence upon the germ-content. 

2. These differences in the fermentation of clarified and un- 
•clarified milk are made manifest by 

(1) Alterations visible to the naked eye. These are not trans- 
ferable to paper but are due to the factors in part indicated below. 

(2) Microbial evidences such as the growth of Oidium lactis 
upon the surface of the milk or the lactic fermentation. 

(3) Proteolysis. 

(4) Acidity. 

(5) Gas production. 

(6) Methylene blue reduction. 

(7) Character of curd. 

3. The causes for these differences cited under 2 are 

(1) Selective action of the clarifier. 

(2) Associative influences resulting from disturbed germ- 
content. 

(3) Distributive action of clarifier. 

(4) Aeration effected by clarifier. 

(5) Causes at present unknown or undeterminable. 



THE RELATION OF AGE OF DAM TO OBSERVED 
FECUNDITY IN DOMESTICATED ANIMALS 

I. MULTIPLE BERTHS IN CATTLE AND SHEEP* 

SARAH V. H. JONES and JAMES E. ROUSE 
University of Wisconsin, Madison, Wisconsin 

INTRODUCTION 

The fact that the present paper is concerned with fecundity 
as affected by the age of the dam and that the term fecundity 
is not always employed as indicating the same function, necessi- 
tates a definition of the term. This necessity is further empha- 
sized by past usage in the literature on the physiology of repro- 
duction and in stock journals, where the words fecundity and 
fertility are often used interchangeably. 

The literature on the physiology of reproduction not only 
shows the words fertility and fecundity used interchangeably,, 
but the same is true of the terms fertilization and fecundation. 
Dalton (1875) and Flint (1876) employed fecundation as referring 
to the union of egg and sperm. Others as Draper (1856) and 
Dorland (1896) used either term when referring to this process, 
while later physiologists, as Landois and Sterling (1889), Howell 
(1901), Marshall (1910), Starling (1912) and Halliburton (1917) 
have given preference to the term fertilization. The similarity 
in the meanings of these two terms is further illustrated by their 
definitions as given by Dorland’s Medical Dictionary (1919). 
Fecundation is defined as “Impregnation or fertilization,” while 
fertilization is “the act of rendering fertile; fecundation.” Fur- 
thermore, formal definitions of fertility and fecundity, as given, 
for example, by the Century Dictionary, treat them as practically 

* Papers from the Department of Genetics, Agricultural Experiment Station, 
University of Wisconsin; No. 24. Published with the approval of the Director 
of the Station. 
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synonymous. Fecundity is defined as “Fruitfulness; the quality 
of propagating abundantly; particularly the quality in female 
animab of producing young in great numbers.” Turning to the 
definition of fertility we find: “The state of being fertile or fruit- 
ful; the quality of producing in abundance; fecimdity; produc- 
tiveness ” 

In common usage fertile is employed as the antithesis of sterile, 
that is an animal is said to be fertile when capable of producing 
offspring, while on the other hand a female is called fecund if 
she produces large numbers of offspring. The four terms fertil- 
ity, fecundity, fertilization and fecimdation refer then to one 
process, namely the production of offspring. But before off- 
spring may result an egg and spermatozoon must have fused, 
and before this can occur ova must be liberated from the ovary. 
Ovulation occurs periodically and may continue to do so quite 
independently of the production of young. We have then two 
conditions, first, the discharge of eggs from the ovary and second 
the union of egg and sperm, normally resulting in the production 
of young. Pearl and Surface (1909, p. 81) in their work with 
fowls differentiated these two conditions, assigning the term 
fecundity to the former and fertility to the latter. Thus fecundity 
is “the innate potential reproductive capacity of the individual 
organism, as denoted by its ability to form and separate from 
the body mature germ cells. Fecundity in the female will 
depend upon the production of ova and in the male upon the 
production of spermatozoa.” Fertility as defined by these 
authors is “the total actual reproductive capacity of pairs of 
organisms, male and female, as expressed by their ability when 
mated together to produce (i.e., bring to birth) individual 
offspring.” 

This definition of fecimdity relates to actxial fecundity, or the 
actual number of eggs discharged from the ovary of a female 
regardless of the production of offspring. Mention may be made 
of a second tyxie of fecundity, namely potential, there being more 
potential ova present in the ovaries than can, because of physical 
limitation, be discharged in the lifetime of an individual. Poten- 
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tial fecundity is difficult, if not impossible, of measurement.* 
Actual fecundity is possible of determination in birds (except for 
resorbed eggs), but not in mammals, since the eggs of mammals 
are microscopic in size and hence are lost to record unless they 
undergo further development. Since, therefore, actual fecundity 
cannot be directly determined in mammals, it becomes neces- 
sary to express fecundity in them in terms of fertility as defined 
by Pearl and Surface. This may accordingly be designated as 
observed fecundity. 

It would be of importance to determine, if possible, the degree 
of accuracy which may be obtained in expressing fecundity in 
this way. So far as the authors are aware there has been no 
direct attempt to make this determination. Certain embryo- 
logical studies, however, supply observations which serve to 
give some idea of the degree of correspondence between actual 
and observed fecundity. For example, there are cases in which 
comparison may be made between the number of ripe follicles 
in the ovaries of any female and the average number of young 
normally produced in a single litter. Honor6 (1900) in his work 
on the rabbit found five follicles about to rupture in one ovary of 
a female which had been bred a few hours previous to examina- 
tion. No mention is made of the other ovary but, if we assume 
that as a matter of chance it had the same number of ripe follicles 
as the one examined, the total number in both ovaries would be 
ten, which is in excess of the average number of young per litter 
in rabbits, for according to Marshall (1910, pp. 588 and 591), 
who takes Spencer and Darwin as his authorities, six or seven 
is the average litter size in this species. A few similar data on 
the bat are available from the work of Van der Stricht (1901). 
An examination of the ovaries of several individuals revealed 
one, two or three ripe follicles. Taking Marshall (1910, p. 587) 

* Pearl (3912) attempted to measure potential fecundity in the domestic fowl 
by counting the oocytes visible to the naked eye in the ovaries of several hens. 
Such counts, made for seventeen different individuals, showed each ovary to 
contain an average of 1676 oocytes. Pearl, however, states that this number is 
a minimum one, since there is a large number of oocytes invisible to the naked 
eye, but nevertheless present in the ovary and capable of further growth and 
development. 
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as authority again, the bat as a rule produces but one individual 
at a single parturition, so again there are more ripe follicles 
than offspring normally produced. These examples are inserted 
here merely to illustrate a possible way of studying actual fecund- 
ity in mammals, and as giving an indication that observed fecund- 
ity is not a complete measure of actual fecundity. 

Other embryological studies make it possible to compare the 
number of corpora Jutea with the number of embryos in the 
uterus. Sobotta (1896) in his studies on the mouse found three 
corpora lutea in one ovary of a female and three embryos in 
the corresponding horn of the uterus, while the other ovary 
showed two corpora lutea, but no mention is made of embryos 
in the horn of this side, so presumably there were none. Later 
the same author (1897) examined the ovaries of eight rabbits at 
different periods of gestation and found the following conditions. 
The largest number of corpora lutea in the ovaries of any one rab- 
bit was twelve, with nine embryos in the uterus, while the smallest 
number of corpora lutea in any of the eight rabbits was four, 
with three embryos. In every case the corpora lutea exceeded 
the embryos in number. The total number of corpora lutea 
in all the rabbits was fifty-nine, an excess of eighteen over the 
total number of embryos, which was forty-one. Only 70 per 
cent, therefore, of the corpora lutea were represented by embryos. 

There is still another possible method of comparison, namely, 
between the number of corpora lutea and the number of off- 
spring normally produced by any female in a single litter. Data 
on this point are more extensive, but only the most important 
of these will be presented. Marshall (1904) in his study of the 
oestrous cycle in sheep examined the ovaries of fifty-five females. 
Forty-two individuals showed one ruptured follicle in one ovary 
or the other, twelve had two ruptured follicles, one in each ovary 
or both in one, while one individual had three ruptured follicles, 
two in one ovary and one in the other. Summarizing this Mar- 
shall says (p. 74): ‘‘Thus in less than 24 per cent of the cases 
examined where ovulation had occurred, was more than one 
follicle found to have dischafged.’^ He concludes: . . • 

in view of the percentage of follicles discharged (as noted) being 
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scarcely, if at all, in excess of the usual percentage of lambs pro- 
duced for the breeds in question, the converse of this statement 
is most probably also generally true.” In other words about 
76 per cent of the fifty-five ewes showed but one ruptured follicle, 
which indicates that practically three-fourths of these ewes 
would have produced but one offspring. According to Marshall 
this condition coincides with the average number of lambs actually 
produced singly by the breeds under consideration.* 

Comer (1915) in examining 128 pairs of ovaries taken from 
pregnant swine, foimd from one to sixteen corpora lutea in both 
ovaries, eight being the most common niunber. According to 
the author’s records six was the most frequent number of pigs 
per litter, while the range was from one to ten. The number 
of corpora lutea accordingly exceeded the number of pigs per 
litter. 

It is obvious from the foregoing embryological studies that 
there is some discrepancy between actual and observed fecundity. 
This may be accounted for in part by certain physiological con- 
ditions connected with ovulation and reproduction. For in- 
stance, fecimdity in ovulating virgin females is undeterminable, 
but is presumably higher than in pregnant females, since ovu- 
lation rarely if ever occurs during pregnancy. Furthermore 
females may not be bred regularly, and often when they are 
bred they fail to conceive. The fact that the eggs discharged 
at any ovulating period may not all be fertilized has just been 
dmnonstrated. On the other hand eggs may be fertilized, attain 
some development, and then degenerate. In either case these 
eggs are lost to record. One of the causes of this degeneracy 
is genetic lethals, as illustrated by the death in utero of the homo- 
zygous yellow mouse (Ibsen and Steigleder 1917). Other points 
might perhaps be mentioned, but these will suffice to show that 
there are a number of factors causing discrepancies between 
actual fecimdity in mammals and that which is observed. 

* Data presented by Bell (see p. 270 of this paper) and the present authors 
(p. 284) show the percentage of ewes producing single and twin lambs to be about 
equal, that is only 50 per cent of the ewes considered in these records drop single 
lambs. 
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In spite of these disturbing factors the discrepancy between 
observed and actual fecundity is not as great as might be sup- 
posed. This is of importance since the latter is the only practical 
measure of fecundity in mammals. 

FECXTNDITr AS AFFECTED BY AQE 

Experiments and observations on multiparous animals have 
shown that when breeding is unrestricted the frequency of pro- 
duction of litters normally increases with the age of the female, 
at least up to a certain point. Records taken by Miss King 
(1916), for example, on the reproductive rates of seventy-six 
female rats revealed the fact that they produced fewer litters 
at the mean ages of 90 and 1^ days than they did at 150, 180, 
210 or 240 days. This point cannot readily be determined for 
the normally uniparous domesticated animals, in part because 
some of them ordinarily breed only at definite seasons, and even 
more because their breeding is not unrestricted, but is regulated 
by man to meet his convenience. 

Records on multiparous animals further indicate that the 
average size of litter also increases with the age of the female 
until a fairly advanced age is attained. The data which show 
a similar physiological tendency in uniparous animals and man 
are rarely if ever interpreted as increase in litter size. This is 
because the occurrence of multiple births is relatively uncommon 
and hence in all cases the average litter size is only slightly in 
excess of one. This is particularly true in cattle and horses; 
in sheep, where the number of multiple births may be as great 
as 50 per cent, the average litter size may correspondingly be as 
high as 1.5, or even higher if any considerable proportion of the 
multiple births are triplets. Where the multiple births are prac- 
tically all twin births, as in cattle, the “average litter size” is 
expressed by 1 plus the percent of multiple births. Average 
litter size for any age may readily be deduced from any expres- 
sion of the proportion of multiple births to all births at that age. 

In the following pages a review is first given of literature on 
the relation of age to fecundity in mammals, and this is followed 
by an analysis of data relating to cattle and sheep. 
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STTMMAKY OF UTERATUEB 

Data relating to the subject of this paper pertain chiefly to 
domesticated rodents (rats, rabbits, and guinea-pigs), the larger 
farm animals (swine, sheep and cattle) and man. Records on 
the first class of animals have been taken directly from experi- 
ments; most of those on the second class from Herd Books; 
while the few on man are collected from hospital records. 

Miss King (1916) draws the following conclusions from the 
breeding records of seventy-six rats: (1) “. . . . a female 

rat reaches the height of her reproductive capacity when she is 
about seven months of age. This age represents also the median 
point in the animal’s breeding career. That is one-half the total 
number of her offspring are produced by the time she has reached 
this age and one-half are produced afterwards” (p. 273). (2) 

The largest sized litters were produced by females of a mean 
age of 120 days. This was determined by averaging the litters 
produced by females of given ages. (3) The second litter is on 
the average the largest of the five or six usually produced by the 
rat. These last two points are practically the same in their 
significance, for, since rats produce their firfet litters at about a 
mean age of ninety days, they could not produce the second one 
till they were approximately 120 days old, the mean age at which 
the largest litters are cast. 

Observations made by P. G. Bailey on the size of litters of 
rabbits are quoted by Hammond (1914, p. 266). The sizes of 
the litters are considered from the order of their occurrence, 
rather than the actual age of the mother. No mention is made 
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of the number of litters upon which the following figures are 
based. So far as they go, these findings show the second litter 
to be the largest, as in the rat. 


lAtUr aequence 

First litter. . . 
Second litter. 
Third litter. . 


Average 
tizeof litter 

5.58=*=0.32 

7.25±0.41 

7.08d=:0.38 


Minot (1891) found that the number of guinea-pigs in a litter 
increases with the age of the mother up to 15| months, when 
the greatest number of offspring are produced. Table 1, taken 
from Minot, shows in general an increase in litter size with the 
age of the female. The largest number of first litters cast 
contain one or two individuals and the largest number of second'' 
litters, three individuals. The suggestion is made that females 
might be kept in virginity for several years and then bred, in 


TABLE i 

Sizes of successive litters in guinea-jngs {Minot) 


NTTMBSR OF LITTKB 

1 

2 

3 

4 

5 

6 

7 

First 

16 

25 

9 




1 

Second 


9 

13 

6 

1 



Third 


6 

6 

3 




Fourth 



2 

2 





order to compare the size of their litters ‘^with those of young 
primiperse and of multiperse of their own age."^ 

Marshall (1910, p. 590) makes a statement to the effect that 
dogs have fewer puppies in early litters than in later ones. The 
same is said to be true of the bear and elk, though no data are 
given to substantiate these statements. 

More extensive observations relating to this subject have been 
made on swine and sheep than on any other farm animals, 
probably because of the importance of the matter to livestock 
breeders and the facility of obtaining data on these particular 
animals. Rommel (1907) has considered the relation of the 

^ An experiment to tedt this theory was started by Dr. H. L. Ibsen at this 
Station and is being continued by him at the Kansas State Agricultural College. 
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age of sows to the number of offspring produced. He found 
from a study of the Poland China Herd Books that the size of 
litters of sows increases with their ages as follows (p. 204) : 


Ao^of »w> 

1 year. 

2 years. 

3 years, 

4 years, 

5 years, 


Average 
9%M0 of littor 

. 6.66 
. 7.66 
. 7.88 
. 8.28 
. 8.40 


The above figures show an increase in litter size from one to 
five years. However five years cannot be definitely stated as 
the age for maximum litter-size production, because the data 
for subsequent ages were too few to be significant. The average 
size for all litters is 7.39. 

Rommel points out that breeders should not dispose of their 
brood sows after producing one or two litters, but should keep 
them in order to obtain larger numbers of offspring. 

FrSlich and Georgs (1911) record the size of litter for a white 
breed of German swine (Edelschwein) . Their results are obtained 
from the breeding histories of forty-six sows producing 1739 
pigs. Since these authors consider the size of litters in relation 
to their sequence, rather than the actual age of the mother, the 
data which follow are not directly comparable to Rommel’s 
and Minot’s on swine and guinea-pigs. 


Litter number Litter exze 

1 7.98 

2 8.74 

3 8.20 

4 7.72 

5 7.64 

6 9.00 

Average for six litters 8.22 


The maximum size is said by the authors to be reached in 
the second litter, the large recorded ntunber in the sixth litter 
being attributed to the fact that the less fertile sows have been 
eliminated, only the most fertile ones being retained. A com- 
parison of this material with that of Rommel’s reveals certain 
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differences. It is unreasonable to suppose that the sows reported 
by Rommel were only just producing their second litters at 
five years, and it is also improbable that the sows considered by 
Frolich and Georgs were five years old when they gave birth to 
their second litters. These discrepancies may be attributed in 
part at least to two factors: (1) Rommel’s results were obtained 
from a larger number of sows than were those of Frolich and 
Georgs; (2) there may be breed differences. 

Machens (1915) also records the sizes of litters produced by 
sows of various ages in another German breed of swine. His 
data, based on a study of 362 litters, do not agree with either 
those of Rommel or Frolich and Georgs, since Machens finds 
the fourth litter the largest produced by this breed of sows. The 
average sized litter for sows of all ages is 9.56, which is higher 
than the averages for the other two breeds of swine just discussed. 

In 1909 Mumford (1917) started an experiment with swine, 
which bears directly on the present subject. He obtained litters 
from immature sows (four or five months old), half mature sows 
(eighteen months old) and mature sows (twenty-four to thirty 
months). The results up to 1913 showed the average size of 
the litters for the three classes as follows, immature 4.8, half 
mature 6.3 and mature 6.5. 

In the twenty-eighth annual Report of the State College of 
Washington (1919) data are presented on the average size of 
litter for sows of various ages as follows: 16 one year olds 6.12, 
17 two year olds 7.7, 10 three year olds 7.8, and 4 four year olds 
7.9. Records on older females are not given. 

Hammond (1914) examined the ovaries of eighteen yoimg sows, 
killed just after the heat period, and found the average number 
of corpora lutea in both ovaries to be 14.3 ± 0.39, while the 
ovaries of nine older sows showed 19.77 ± 1.26 corpora lutea. 

The foregoing results on swine differ somewhat in details, but 
indicate that in general older sows tend to produce more eggs than 
younger ones, and consequently larger litters. (Note page 290.) 

Heape (1899) found that in the Dorset Horned breed of sheep 
fewer twins were dropped by younger than older females. Only 
a bare statement is made, no data being presented. 
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Carlyle and McConnell (1902) show from records taken on 
the flock at the Wisconsin Station, that the percent of twin and 
triplet births increases with the age of the ewe in mutton breeds. 
The largest percentages of single, twin and triplet births are 
produced respectively by two, five and six year old ewes. Later 
data, reported by Humphrey and Kleinheinz (1907) from the 
same flock, confirm the findings of Carlyle and McConnell as 
to the ages at which ewes produce the largest percent of single 
and triplet births, but they found that the highest percent of 
twin births was produced by four year old instead of five year 
old ewes. 

Pearl (1913) gives the unusual breeding record of a single ewe 
for nineteen years. She produced single lambs at one and two 
years of age, twins at three years, from four to nine years triplets 
for each year, twins again for each year from her tenth to fifteenth 
and singles for her sixteenth and seventeenth years. The max- 
imum fecundity occims at 7.34 years. This single case illustrates 
both the increase and subsequent decline in litter size with the 
advancing age of the female. 

Alexander Bell (1904-1912) in his experiments with multi- 
nippled sheep did not find them, as he expected, more fertile 
than their normally nippled sisters. However, in his 1912 
report Bell concludes that all the older ewes had a greater ten- 
dency to produce multiple births than the younger females. 
Thirty-six per cent, apparently, of all lambs born of young ewes 
were twins, while 60 per cent of the lambs born in the spring 
of 1912 of three year old ewes were twins. Popenoe (1914) quotes 
from another paper of Bell’s, “ewes four, five and six years old 
yield a larger percentage of twins than younger or older ewes.” 
These data of Bell’s and the preceding findings on sheep lead to 
the same general conclusion as did those on swine, namely, that 
the tendency to produce larger litters is greater among older 
than younger females and may be followed by a subsequent 
decline in animals kept to a greater age. 

Data on the frequency of multiple births in cattle are meager, 
though a great many items on the reproductive records of indi- 
vidual cows might be gleaned from the stock joiimals. The 
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authenticity of these scattered notes may in some cases be ques- 
tioned. Nevertheless we will present three cases as given by 
Pearl (1912). The first, taken from the National Livestock 
Journal (1879), states that a certain cow gave birth to twins 

TABLE 2 


Breeding history of cow owned by Mr, Slarret {.Pearl) 


TSAB 

AGB 

NUMBXB or CALVEB PBODUCED 

Born 



1900 



1902 

2 

1 

1903 

3 

1 

1904 

4 

1 

1905 

5 

2 

1906 

6 

2 

1907 

7 

3 

1909 

9 

1 

1910 

10 

3 

Total 

14 


TABLE S 

Breeding history of cow cited by McGillivray (Pearl) 


TBAB 

AGE 

NUMBEB 
OP CAEVBB 
PRODUCED 

REMARKS 

Probably bom 1840 
1842 

2 

1 

This was the cow^s first calf 

1843 

3 

3 

All lived to be adults 

1843 

3 

4 

One died (7 calves in one year) 

1844 

4 

2 

Lived to maturity 

1845 

5 

3 

Lived to maturity 

1846 

6 

6 

All died prematurely 

1847 

7 

2 

Lived to maturity 

1848 

8 

4 


Total 


25 



three times in succession and then to triplets. Pearl next gives 
the breeding history of a cow belonging to a Mr. Starrett living 
near Waldoboro, Maine. This history is reproduced in table 2. 
It shows that the cow reached the high point of her reproductive 
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Activity at seven years, when she produced triplets. The fact 
that she produced triplets again at ten years would seem to 
indicate t^t the high fecundity was being maintained at least 
to that age. A third case (table 3) presented by Pearl is taken 
from McGillivray’s “Manual of Veterinary Science" (1857). 
This shows a more or less regular increase in the number of young 
produced by a cow up to the age of six years, when she is claimed 
to have aborted six embryos. 

The ages at which various women produced 756 pairs of twins 
AS reported by Duncan (1866) are shown in table 4. The records 

TABLE 4 

Occurrence of twine in 151t parturient women (Duncan) 


AGES 





25-29 



4(M4 

45 

Total 

•Collins 

3 

53 

76 

71 

28 

8 

1 

240 

MClintock 

2 

23 

45 

41 

■a 

1 


129 

MClintock and Hardy 

B 

20 

34 

26 

B 

2 


95 

Chiari Braun and Spaeth 

B 

25 

36 

26 

B 

2 


94 

Btatistics of 1855 

3 

28 

46 

58 

52 

11 


198 

Total 

10 

149 

237 

222 

113 

24 

1 

756 


were collected by the author from various sources and recorded 
under the ages of the mothers, which are arranged in five year 
periods. As Duncan (p. 73) says: “This table shows that in 
the general population it so happens that the number of twins 
born increases with the age of the mother until the age from 
twenty-five to twenty-nine inclusive is reached and that after 
this age is passed the number of twins bom regularly diminishes." 
Duncan quotes from Dr. Collins to the effect that the mean age 
of 16,385 parturient women is twenty-seven, while that for 240 
women bearing twins is twenty-nine. 
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MULTIPLE BIRTHS IN CATTLE 

Source of data 

In undertaking the present study the American Herd Books 
of the two beef breeds, Hereford and Aberdeen-Angus, seemed to 
offer the largest amount of desirable data. In the first place 
beef breeds were chosen instead of dairy because most breeders 
of dairy cattle do not register females twinned with bulls, as 
they are so commonly sterile, but as milk production is of little 
consequence to beef breeders they do not discriminate so closely 
against these individuals. The total number of twins actually 
produced is therefore, more nearly represented by the beef reg- 
istries than by the dairy. Second, these particular breeds were 
chosen instead of the Shorthorn or Red Polled, because the man- 
ner of recording animals is much the same throughout both these 
registries and the entries are made in such a way as to facilitate 
the compiling of data for our purposes. 

The records used were taken from the first forty-two volumes 
of the American Hereford Record and the first twenty-six volumes 
of the American Aberdeen-Angus Association. The former 
contain the registries of 536,000 individuals and cover a period 
of years from 1880 to 1916, while the latter contain the entries 
of 220,500 animals from 1886 to 1916. 

The details of entry for each animal vary somewhat in the two 
breeds, but in general they apply to both sets of Herd Books. 
The details are as follows: registration number, sex, name of 
animal, date of its birth, names and munbers of the sire and dam, 
and names of owner and breeder. If any individual is a twin, 
triplet, or quadruplet this fact is inserted below the animal’s 
name. 

Tabulation and treatment of records 

Tabulations were made in order to obtain data on (1) the 
number of multiple births recorded and (2) the ages of the dams 
at the time of these births. For (1) records of all individuals 
designated twin, triplet or quadruplet were assembled from the 
sixty-eight volumes of the two registries. For (2) it was, first,. 
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necessary to note the dates of birth of all twins, triplets and 
quadruplets and also the registry niimbers of their dams. Then 
by turning to the latter the dates of birth of the dams were 
procured. Finally a determination of the interval between the 
dates of birth of the various twins, triplets, and quadruplets 
and the dates of birth of their respective dams gave the ages of 
these dams at the time of calving. These results were next 
arranged according to the various ages of the dams. 

The operations of assembling the data and making the neces- 
sary age determinations were independently checked. It was 
now felt that these data were as reliable as possible, considering 
that they were based on Herd Book records, in which a small 
percentage of errors is likely to occur. These may be due to 
mistakes in reporting, to clerical and typographical inaccuracies, 
and even to occasional deliberate falsification of facts by breed- 
ers. However, since the numbers dealt with here are large, the 
effect of this small percentage of error is negligible. 

The above determinations gave the actual numbers of cows 
producing twins, triplets and quadruplets at different ages. 
These numbers are based on records taken from cattle in which 
the rate of production, record of production, and to* a large 
extent the mortality are controlled by man. That is, the present 
data deal with a selected population of animals and not with a 
natural one. It was therefore necessary to consider the number 
of multiple births occurring among cows of a given age in this 
selected population, in proportion to the total niunber of births 
occurring among all dams of the same ages. In order to do this 
the ages of all cows at the time of calving were calculated. But 
since it would have been an enormous task to iiave made this 
calculation for the dams of the 750,500 animals recorded, the 
determinations were made only for every one-hundredth indi- 
vidual registered, such a selection being considered a fair random 
sample of the entire population. As there were a few cases in 
which all the desired information was not given, the ages at 
calving were actually obtained for 7471 cows instead of 7505. 
The number of dams in each age group was now multiplied by 
100 to represent the total population. 
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The data on multiple births and all births were next tabulated 
according to the various age groups of the dams and the above- 
mentioned proportions were obtained. The number of multiple 
births occurring among cows of a given age per one thousand 
■cows calving at the same age was calculated, the ratio obtained 
from using a thousand as a basis giving the most convenient 
numbers for final comparison. Although the general term 
multiple birth has been employed in the above discussion, as 
a matter of fact twin births only were taken into consideration 
in these calculations, the numbers of triplets and quadruplets 
being too few to make any observable difference in the final 
results. There were but seven of the former and one of the latter 
registered in both sets of Herd Books. 

Records from Hereford Herd Books 

Table 5 shows the results of the compilation of the data on 
the Hereford breed. The first column gives the ages of the dams 
from one to thirty-three years and the second column the actual 
number of recorded multiple births for dams of each age. The 
data in column three represent the total number of cows cahung 
or the total number of all births occurring at each age, the actual 
figures obtained having been multipled by one hundred, as 
discussed in the previous section. Column four gives the number 
of multiple births per one thousand cows calving at the various 
ages. 

The graphs in figure 1 are based on table 5. Curve IH, con- 
structed from the data in column two (total number of multiple 
births recorded), shows a fairly rapid ascent from one to four 
years and is almost as high at five years, after which it descends 
very gradually. Graph 2H, representing the total number of 
cows calving at each age, is similar in general form to IH, the 
number of records included here, however, being much larger 
and the mode falling at three instead of four years. The descent 
of these curves after three and four years is due to the general 
tendency among breeders to dispose of older cows, unless they 
are especially valuable, in order to make way for the younger 
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ones. As a consequence there are fewer data for older cows. 
That this is the cause of the low number of multiple births 
recorded for dams beyond four years is shown by graph 3H, 
based on column four of the table. These comparative data 
show a consistent rise in the relative frequency of multiple births 

TABLE 5 


Data from Hereford Herd hooka, volumes 1-4^ 


▲on 

KUMBBB OF MULTIPLE 
BIBTBB 

TOTAL NUMBBB OF i 
COWS CALVIMO 

NUMBEB OF TWINS PER 
1000 COWS CALVING 

X 

3 

3,000 

1.00 

2 

120 

71,800 

1.67 

3 

281 

89,300 

3.14 

4 

351 

79,800 

4.39 

5 

346 

64,700 

5.34 

6 

288 

53,700 

5.36 

7 

248 

44,300 

5.59 

8 

205 

35,400 

5.79 

0 

161 

26,700 

6.02 

10 

127 

20,100 

6.31 

11 

95 

14,000 

6.78 

12 

67 

9,700 

6.90 

13 

45 

6,500 

6.92 

14 

26 ! 

3,900 

6.66 

15 

10 

2,100 1 

4.76 

16 

7 I 

1,200 

5.83 

17 

4 

600 

6.66 

18 


400 


19 

1 

200 

5.00 

21 


200 


22 


100 


23 


100 


29 

2 



33 


100 


Blanks 

42 

8,100 


Total 

2,429 

536,000 


Minus blanks 

42 

8,100 


Total 

2,387 

527,900 

4.52 


up to twelve or thirteen years of age. Therefore the age for 
highest multiple birth production is not at four but at least as 
late as twelve or thirteen years. B^ond this age the data are 
so few that the curve is irregular and has no signiBcance. 
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Records from Aberdeen Angus Herd Books 

Data on the Aberdeen- Angus breed, corresponding in material 
and arrangement to that in table 5, are incorporated in table 6. 
The total number of records available on the Angus are only 
about half as many as on the Hereford. Furthermore, the oldest 
dam reported as calving in this breed was aged twenty-five 
years, while in the Hereford, records were given for dams up to 
thirty-three years of age. 

Figure 2, based on table 6, is in general similar to figure 1. 
Curve lA represents no striking difference from IH, as the degree 
of ascent and descent of both graphs is practically the same and 
the modes of both curves fall at four years. The age at which 
the largest number of multiple births occurs is accordingly the 
same for both breeds. Curves 2A and 2H are also similar in 
general appearance, but the mode of the former occurs at two 
instead of three years, showing that the largest number of 
recorded births occurs a year yoimger for Angus dams than for 


JOl7BNAI< or DAJBT SOXBMCB, VOX.. XIT, NO. 4 
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Hereford. This means that Angus heifers are in general bred 
at an earlier age than Herefords, which is a natural sequence of 
the characteristic tendency of the Angus breed to early maturity. 

TABLS6 


Data from Aherdeen-Angus Herd hooks f volumes 1-^26 


Aoa 

NUUBXR OF MULTIPLS 
BIRTHS 

TOTAL NUMBBR OF 
COWS CALVIKG 

NUMBBR OF TWINS PBR 
1000 COWS CALTINO 

1 

3 

5,800 

0.51 

2 

62 

34,300 

1.80 

3 

111 

32,800 

3.38 

4 

144 

31,200 

4.61 

5 

118 

25,000 

4.72 

6 

116 

21,300 

5.44 

» 7 

74 

15,900 

4.65 

8 

67 

15,200 

4.40 

9 

57 

11,200 

5.08 

10 

50 

8,500 

5.88 

11 

22 

6,200 

3.54 

12 

27 

3,700 

7.29 

13 

22 

3,800 

5.78 

14 

6 

1,900 

3.15 

15 

8 

600 

13.33 

16 

5 

1,000 

5.00 

17 

2 

300 

6.66 

18 

3 

300 

10.00 

19 

1 

100 

10.00 

21 

2 



22 


100 


25 

2 



Blanks 

25 

1,300 


Total 

927 

220,500 


Minus blanks 

25 

1,300 


Total 

902 

219,200 

4.11 


Curve 3A showing the number of twins per thousand total births 
in the Angus, resembles very closely the corresponding curve 
(3H) for the Herefords, but is more irregular beyond nine or ten 
years owing to the relatively small number of records. 
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Combined records of both breeds 

Figure 3 is constructed from the data in table 7 made by com- 
bining the records of tables 5 and 6. The curves of this figure 
are the same in general form as the corresponding curves in the 
two preceding figures, but are smoother because of the larger 
amount of data upon which they are based. This emphasizes 
agmn the fact that the two sets of data, from the two different 
breeds, exhibit essentially the same features. The significant 
characteristic of curve 3C is its consistent rise to at least ten 
or twelve years and, though the data are relatively few and the 
curve consequently less r^ular beyond this point, its inclination 
to maintain about the same level, as may be seen from the data 
in column four of table 7. At any rate, there is no indication of 
a decisive falling off in the tendency to produce twins.* 

* Dr. Florence E. Allen fitted cunres to the number of cows calving and number 
of multiple births, as shown in figure 3, according to Pearson’s methods given 
in the Philosophical Transactions, Pt. 1, A, 1835. The curve was fitted to the 
number of multiple births per 1000 cows calving by taking the ratio of the 
formulae of the curves 1C and 2C. 
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TABLE 7 


Combined data on both sets of herd hooks 


AOB 

NUMBBB OF MUI^TZPLX 
BIBTBS 

TOTAL NUMBER OF 
COWS CALVING 

NUMBER OF TWINS PER 
1000 COWS CALVING 

1 

6 

8,800 

0.68 

2 

182 

106,100 

1.71 

3 

392 

122,100 

3.21 

4 

495 

111,000 

4.45 

5 

464 

89,700 

5.17 

6 

404 

75,000 

5.38 

7 

322 

60,200 

5.34 

8 

272 

50,600 

6.37 

9 

218 

37,900 

5.75 

10 

177 

28,600 

6.18 

11 

117 

20,200 

5.79 

12 

94 

13,400 

7.01 

13 

67 

1 10,300 

6.60 

14 

32 

5,800 

5.51 

16 

18 

2,700 

6.66 

16 

12 

2,200 

5.45 

17 

6 

900 

6.66 

18 

3 

700 

4.28 

19 

2 1 

300 

6.66 

21 

2 

200 

10.00 

22 


200 


23 


100 


25 

2 



29 

2 



33 


100 


Blanks 

67 

9,400 


Total 

3,356 

766,600 


Minus blanks 

67 

9,400 


Total 

3.289 

747.100 

4.40 
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Triplets and qtuidruplets in both breeds 

Aa already mentioned only twins were considered in the pre- 
ceding tables, the numbers of triplets and quadruplets being too 
few to have an appreciable influence on the results. The recorded 
triplets and quadruplets, shown in table 8 are given only for the 
interest attached to the occurrence of more than one or two 
calves at a single parturition. 

A consideration of the frequency of the different orders of 
multiple births shows that there is one twin birth to every 221 
births in the Hereford breed and one to every 243 in the Aber- 
deen-Angus. For the two breeds combined the twin births are 
one in 224, or 0.4 per cent of all births. This is considerably 
lower than Newnuin’s statement (1917, p. 122) that t-wins in 
cattle constitute about 2 per cent of the total number of births. 
The percentage of twinning in man, calculated from the ratio 
given by Bland (1781) and Dimcan (1866), who state that twin 
births occur once in every 80 deliveries, is 1.25 per cent. The 
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frequency is greater in sheep, as shown by Plumb’s data (1905) 
taken from the Shropshire Flock Books. The number of twins 
recorded in a population of 23,037 individuals is 9053. Since, 
however, it is not stated when both individuals of a set are in- 
cluded and in how many cases only one is recorded, it is impos- 
sible to tell just how many births these 9053 recorded twins 
represent. Obviously it could not be more than 9053 nor less 

TABLE 8 


Triplets and quadruplets in both sets of herd books 




NUMBER 

OF CASES 

BRCKD 

AGE OF DAM 





Triplets 

Quadruplets 


yeart 




2 

0 

1 

Hereford 

4 

2 

0 


7 

2 

0 


10 

1 

0 

Angus 

4 

2 

0 




Total 

Av. 3.86 

7 

1 





than half that number; in other words the twin births were at 
least 19.6 per cent of the total births, but not more than 39.2 
per cent.® The frequency of triplets, as found in the present 
study of cattle, is as follows: one in every 105,580 births in the 
Hereford; one in every 109,600 in the Angus; or one in every 
106,728 births in the two combined. The percentage of triplets 

® This uncertainty does not exist in our cattle data, as the records were care- 
fully checked to determine just which recorded twins belonged in sets, so that in 
this way the actual number of twin births involved was ascertained. 

Equation for cows calving, origin at the mode (2C). 

0.29088 4.88284 

y - 1212.34 (1 + a; ) (1 - x ) 

1.27648 21.42753 

Equation for twins, origin at the mode (1C). 

0.8369 

( 1 ~ * 


y « 468.46 (1 + x ) 
2J8 


22.7117 


6.8348 
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and quadraplets in all multiple births is 0.24 per cent, which is 
decidedly lower than figures found by Cole (1916), who reported 
seven cases of triplets in 303 multiple births. The true per- 
centage, however, probably is between these two figures, as the 
herd books do not include all triplets dropped, as for example 
those which are aborted, while Cole’s data were collected with- 
out r^ard to the proportions of the different classes of multiple 
births and probably include an undue niunber of triplet records. 
Only one quadruplet was recorded for the Hereford and none for 
the Aberdeen-Angus. There were no records on larger numbers 
of calves dropped at one time, though cows have been reported 
as giving birth to as many as six foetuses (p. 272). 

MULTIPLE BIRTHS IN SHEEP 

As noted in the Summary of Literature (p. 270) the first data 
collected by Carlyle and McConnel (1902) from the flock records 
of the University of Wisconsin indicated that the highest percent 
of twin births in sheep occurred among five year old ewes, while 
the ater report of Humphrey and Kleinheinz (1907) gave four 
years as the age at which the highest percent of twins was foimd. 
Later records from the same flock have been compiled by the 
present authors and are combined with the earlier ones in table 
9, the arrangement of the data being essentially the same as in 
the preceding tables of multiple births in cattle, except that 
twins and triplets are first considered separately and then com- 
bined in column four. Twins and triplets were combined in 
sheep because of the relatively large niunber of triplets in sheep 
as compared with cattle. The number of triplets is not so large, 
however, as to influence the final calculations in any marked 
degree. This is shown by the frequency distributions in columns 
6 and 8, which are essentially similar. Although the present 
records are considered on a per thousand basis instead of per- 
centage, as was done in the two earlier reports on the same 
flock, they admit of ready comparison with the latter by a decimal 
shift of one place. 
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Figure 4 is based on data in table 9. The graph for the total 
number of ewes lambing at the different ages (column 5) begins 
at the highest point, two years, after which there is a consistent 
and regular decline. The cmwe for the total number of multiple 
births (column 4) is somewhat similar, except that the highest 
point is reached at three years and the drop is slightly more 
gradual. These two curves merely show that more records are 
available on two and three year old ewes than on older ones, 
because of the general custom among sheep raisers to dispose of 
older individuals. The horizontal dotted line shows the number 


TABLE 9 

Data from University of Wisconsin flocks 1890-1917 


AQB 

TWINS 

TRIPLETS 

1 

TOTAL NUM- 
BER OP 
MULTIPLE 
BIRTHS 

ALL BIRTHS 

TWINS 
PBR 1000 
BIRTHS 

TRIPLETS 

PBR 1000 
BIRTHS 

MULTIPLE 

BIRTHS 

PBR 1000 

BIRTHS 

2 

159 


163 

367 

433.24 

10.89 

444.14 

3 

156 


168 

284 

549.29 

42.25 

591.54 

4 

136 


149 

223 

609.86 

58.29 


5 

105 


112 

162 

648. U 

43.20 

691.65 

6 

54 

9 

63 

93 

580.64 

96.77 

677.41 

7 

26 


28 

48 

541.66 

41.66 

583.33 

8 



11 

15 

666.66 

66.66 

733.33 

9 

2 


2 

2 

1000.00 


1000.00 

All ages 

648 

48 

696 

1194 

542.71 

40.20 

582.91 


of multiple births per one thousand births produced by ewes 
of all ages or, in other words, the average age at which multiple 
births occur. The curves representing the number of multiple 
births per one thousand ewes lambing at each age (twins and 
triplets combined) is the significant one for our consideration. 
This shows that according to the present records the greatest 
number of multiple births is produced by five year old ewes. 
The four and six year old females also show a high degree of 
fecundity. After six years, however, there is a sudden drop, 
which is probably significant since the number of records for 
seven years is comparatively large. The rise at eight years 























MULTIPLE BIRTHS IN CATTLE AND SHEEP 


285 


may be due to lack of sufficient data for that age and at nine 
years it is obviously due to this cause, since it is not at all prob- 
able that all nine year old ewes would produce twms. 

. 3 * 

CunrM 3a(l«a Taibl* XZ« 



Fig. 4 


The combined data on forty-eight sets of triplets are given 
in column three. As shown in column seven, six year old ewes 
produce the largest number of triplet sets per thousand births. 
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DISCUSSION 

Observations on fecundity as affected by the age of the female 
in uniparous animals coincide with similar ones on multiparous 
animals. All of the instances cited lead to the same general 
conclusion, namely, that size of litter increases as the female 
advances in age. In fact, so far as we are aware, there is no 
contradictory evidence. Some of the records, however, show a 
decline in litter size after the female has reached a fairly advanced 
age, while other data fail to show such a regression. This 
condition, nevertheless, may be attributed to lack of data on 
individuals of sufficiently advanced ages to indicate such a decline 
and to the variation in the span of the reproductive periods of 
the different breeds of animals. For example, some cases relating 
to swine showed a continued increase in litter size, while others, 
in which the data were fuller for sows of advanced years, indi- 
cated a decline. A comparison of the sheep and cattle records 
may illustrate the second point in regard to length of reproductive 
periods. The cattle records, so far as they go, show no decrease 
in litter size but indicate a comparatively long reproductive 
period. The sheep data on the other hand show a decrease in 
litter size and also a shorter reproductive period. This longer 
reproductive period in cattle combined with the general tendency 
among breeders toward early disposal of their stock reduces the 
number of older cows, which might calve in their later years, 
and hence, the lack of records on such individuals. Although 
most sheep are also slaughtered at comparatively early ages, 
the fact that their reproductive period is shorter makes more 
data available. 

This discussion is presented as a possible explanation for the 
lack of a decrease in litter size in the present cattle data. 

SUMMARY 

1. The terms fecimdity and fertility (and similarly fecundation 
and fertilization) have commonly been used interchangeably. 

2. Fecimdity in the female may be potential (the sum total of 
ova capable of being produced by the ovary), actual (the ova 
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actually matured and discharged) and observed (the ova of which 
there is visible evidence, as by the production of eggs or young). 
The ability to produce offspring is defined by Pearl and Surface 
as fertility, and in mammals this is the same as observed fecundity. 

3. Embryological evidence from a number of forms indicates 
that, in most if not in all cases, actual fecundity is somewhat 
greater than the observed. The discrepancy is probably not 
so great, however, but what the number of offspring produced 
make a fair measure of fecundity. 

4. Observations on multiparous animals (rats) show that the 
frequency of production of litters increases with the age of the 
female, at least within limits. This point is not capable of 
determination in the uniparous domesticated animals, at least 
on the data available. 

5. The evidence also indicates, that in animals in general, 
there is an increase of litter size with the increasing age of the 

male. This usually goes to a maximum beyond which there 
is a decline. In the uniparous forms litter size is more commonly 
expressed in terms of the relative production of multiple births 
to all births. 

6. A review of the literature shows more or less fragmentary 
records on a considerable variety of animals, which all tend to 
substantiate the above statements. 

7. The data on age of dams at time of giving birth to the 
747,100 individuals recorded in the American Hereford and 
Aberdeen- Angus Herdbooks, volumes 1-42 and 1-26 respectively, 
show that there is at first a relatively rapid increase in fecundity 
with the advancing age of the female, followed by a more gradual 
rise, and without indication of a subsequent decline. 

8. From the records of age of dam at birth of 1194 lambs 
in the flock of the University of Wisconsin, a similar curve was 
obtained, except that in this case it reached its maximum for 
dams at five years of age, beyond which there was a decided 
drop. 

9. These findings on cattle and sheep coincide with earlier 
ones on other animals, since all show a general tendency for 
older females to produce larger litters than younger ones. 
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AN UNUSUAL OUTBREAK OF ROPY MILK 


B. W. HAMMER and W. A. CORDES 
Dairy Department, Iowa State College, Amee, Iowa 

INTROBUCTION 

The slimy or ropy fermentation is the abnormal change in 
-milk that is most frequently reported to the dairy section of the 
Iowa agricultural experiment station. A considerable munber of 
outbreaks of this kind have been studied from the standpoint 
of the causative organism^ and Baxt. viscosum has been isolated 
more than any other type. Recently an organism not previously 
-encoimtered has been foimd as the cause of ropy milk and the 
results obtained in its study are given below. 

HISTORY OP THE TROUBLE 

An outbreak of ropy milk was reported to the dairy section 
from one of the smaller towns in the state. The ropy condition 
was observed only in the supply of one dealer and seemed to be 
present mainly in the cream, the usual complaint being that, 
when the cap was removed, cream adhered to it and was drawn 
out into strings several inches long. Two samples were sent to 
the laboratory for examination with the following designations: 

Sample 1. Ropy cream. 

Sample 8. From same dairy as sample 1 two days later. 
.Shows but little “ropy.” 

It was necessary to send the samples without ice and they 
Arrived at the laboratory in a sour condition. Transfers made 
into litmus milk and held at room temperature coagulated rapidly 
without any development of ropiness, while others maintained 
at lO^C. showed nothing but a r^uction of the litmus even after 
-.several days. Infusion agar plates, poured with the original 

^See Buchanan and Hammer, Res. Bui. 22. Iowa Agr. Expt. Sta. 1915, for 
^ review of the literature on ropy milk and an account of some of the earlier 
*outbreaks studied at the Iowa Station. 
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material as soon as it arrived, and incubated at 20°C. showed 
after two days a considerable number of viscous colonies that 
somewhat resembled colonies of Bact. viscosum but which, when 
older, were considerably more opaque than colonies of this 
organism. Sample 1 showed a much larger percentage of viscous 
colonies than did sample 2. Litmus milk tubes inoculated with 
some of the viscous colonies and held over night at room temper- 
ature showed an extremely ropy condition without any evident 
change in the reaction of the milk. With an increase of twenty- 
four hours in the age of these cultures there was, however, a 
pronounced digestion of the milk and it seemed evident that the 
organism was not the usual type {BacL viscosum) causing ropi- 
ness in Iowa. This idea was substantiated by a microscopic 
examination which showed that the organism was a Gram + 
coccus. 

Shortly after the above mentioned outbreak was reported, a 
letter, telling of trouble from ropy milk, and a sample were 
received from a producer located almost 100 miles from the city 
in which the outbreak had occmred. The sample was not ropy 
and still sweet on arrival and was plated on infusion agar and 
the plates incubated at 20°C. Viscous colonies quickly developed 
and these when inoculated into litmus milk and held at room 
temperature produced a ropy condition without any noticeable 
change in the reaction and, later, an extensive digestion of the 
mUk. A microscopic examination showed the organism to be 
a Gram coccus, and its similiarity to the organism isolated 
from the outbreak referred to above is thus evident. 

The isolation from two wWely separated localities of ropy 
milk organisms that a preliminary examination showed to be 
the same seemed especially important in view of the fact that 
this t3q>e had not previovisly been encountered in a considerable 
number of outbreaks of ropy milk that had been investigated. 
Inquiry showed, however, that the milk causing the outbreak 
was shipped in by the dairymen sending in the sample from the 
second sotirce, and the relationship between the two complainta 
was thus cleared up. 
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The unusual character of the organism suggested an attempt 
to determine its source. Although at the time such an attempt 
was made ropiness had not been observed for some time, the 
producer collected samples in various ways in sterile bottles sent 
from the laboratory. The plates poured from the samples on 
arrival and incubated at room temperature did not show viscous 
colonies, although the number of colonies per plate was low. 
The original samples failed to develop a ropy condition when 
held at room temperature. After the samples had been at room 
temperature for about two days they were plated again and, 
after room temperature incubation, plates from two of the 
samples showed a very few ropy colonies. Both of the samples 
were drawn directly from the udder into sterile bottles, the udder 
having been previously washed with a disinfectiiig solution in 
the case of one sample, but not in the case of the other. Samples 
taken from the milking machine which was regularly used on 
the farm and in various other ways failed to show ropy organisms 
with the methods of examination used. The data obtained 
indicate that the organisms may have been gaining entrance to 
the milk in the udder; the results, however, are not at all con- 
clusive because the examination was made at a time when ropi- 
ness was not developing in the milk held under practical condi- 
tions and it is entirely possible that the organisms may have 
gained entrance to the udder subsequent to their appearance 
in the general milk supply. It is rather surprising that the ropy 
organisms were not isolated from all of the samples instead of 
only those drawn from the udder in such a way as to largely or 
entirely eliminate outside contamination; this may, however, 
have been due to an overgrowth with other organisms in the 
case of the samples not drawn so as to limit contamination from 
external sources. 

The first report of the ropy condition imder consideration was 
received early in January, 1920, The time of year suggests an 
unusual source of contamination, since most of the outbreaks 
of ropy milk occur during the warmer months when infection 
from surface water, etc., is more likely to occur, and favors the 
idea of the infection of the milk from the interior of the udder. 


iOVKSAL OF OAXBT aoXUfCII, TOL. XXX, MO. 4 
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If the udder was the true source of the organisms causing the 
abnormality, it must have been eliminating them in larger num- 
bers than it was at the time the samples secured in various ways 
were examined or, what is very improbable, the milk must have 
been held under conditions more favorable for the growth of 
the ropy organism than those under which the samples were held. 

The ropy organism isolated produced a ropy condition in whole 
milk whether unheated, pasteurized, or sterilized, in a consider- 
able number of trials at both 20° and 37°C. In the unheated 
and pasteurized whole mUk the ropiness was largely confined to 
the cream layer and even when the cream layer was very ropy 
the milk below was of a normal consistency; at both tempera- 
tures after the first appearance of ropiness the condition increased 
for a time and then decreased, the decrease apparently being 
hastened by the development of acid. With sterile whole milk 
the ropiness was more pronounced in the cream layer, which was 
very narrow as a result of the heating, but the milk below also 
showed this condition. The ropiness seemed to increase and 
then decrease in the sterile milk in much the same way as in 
the unsterile. With all the different lots of whole milk the ropi- 
ness was greater at 20°C. than at 37°C. 

, In sterile skimmed milk, ropiness developed rapidly in the 
upper layers and was already evident in test tubes in six to eight 
hours at 20°C. At 37°C. ropiness also developed rapidly but 
was never as pronounced as at 20°C. There seemed to be an 
increase and then a decrease in the ropiness although in tubes at 
20°C. the material was still ropy when digestion was practically 
complete. 

As has already been stated, the ropy organism rapidly digested 
sterile skimmed milk in tubes held at room temperature. At 
37°C., however, inoculated sterile skimmed milk did not undergo 
a rapid digestion, but soon showed a definite coagulation which 
acid determinations proved was not due to the acidity developed; 
on standing there was some increase in acidity but even after 
considerable periods of time the acidity was not high enough to 
cause coagulation. For example, in a small bottle of inoculated 
sterile skimmed milk the acidity after twenty-four hours, which 



UNtrStTAL OUTBREAK OP ROPY MILK 


295 


was about the time of coagulation, was 0.31 per cent, calculated 
as lactic acid, while after nineteen days it was 0.47 per cent. 

There are apparently factors other than temperature which 
influence the rate of digestion. Tubes of sterile whole milk 
which, as a result of the fat layer, presumably had a smaller 
air supply than did tubes of skimmed milk showed a much slowa* 
digestion than did the latter. Containers having a deeper layer 
of skimmed milk than tubes also seemed to show a slower digestion. 

Since the ropiness occurred at a time when it would be expected 
that the milk was being held at a fairly low temperature, the 
ability of the organism to produce ropiness in milk at approxi- 
mately 10°C. was tried. A ropy condition developed in inocu- 
lated sterile milk held at this temperature but comparative 
tests with a culture of Boot, viscomm showed that this organism 
produced ropiness in milk in a shorter time at approximately 
10°C. than did the coccus form. Both organisms, however, 
eventually produced a very ropy condition. 

The organisms usually responsible for ropiness in milk are 
definite capsule formers, at least in yoimg cultures. With the 
coccus form isolated, capsules were not observed, but it seemed 
that a product that was viscous was being secreted by the organ- 
isms, since strands of well-stained material were commonly 
found stringing out from the cells and often running from one 
cell to another. The microscopic pictmes obtained suggested 
that material quite like the capsular material of Bact. viscosum 
was secreted but was rapidly taken up by the surroimding medium 
instead of being retained near the cell in a definite capsule. The 
situation with the coccus form seems to be much like that with 
such typical capsule formers as Bact. viscosum at the time of 
very pronounced ropiness, when the capsular material is strung 
out through the medium instead of being retained in a definite 
form. 

The organism responsible for the outbreak of ropy milk was 
studied morphologically, culturally, and bio-chemically and the 
data secured were compared with the published descriptions of 
the organisms reported as causing ropiness in milk. The com- 
parison indicates that the organism isolated is closely related 
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to M. mucofaciens of Thoni and Thaysen* which was isolated 
from ropy milk in Berne and is also somewhat like Af . Freudenr 
reichii of Guillebeau,® an organism that is commonly the cause 
of ropy milk in Switzerland. Perhaps the most striking difference 
between the isolated type and M. mucofaciens is the color-pro- 
ducing power of the latter; while this may not be an important 
difference, the work of Winslow, Rothberg and Parsons^ indicates 
that color production is definite and constant among the white 
and orange cocci, and accordingly the organism isolated is con- 
sidered to be an undescribed species and the name Staph, cre^ 
moris^ viscosi is proposed for it. 

DESCRIPTION OF STAPH. CREMOBIS-VISCOSI 
Morphology 

Form. The organism was definitely spherical. 

Size. The organism showed but little variation in size on different 
media and at various ages. The average cell had a diameter of about 
0.9 to 1 micron and the extremes varied from about 0.7 to 1.2 microns. 

Arrangement. The organisms were irregularly arranged with isolated 
cells very common in all the usual media. 

Motility. Motility was not observed in young bouillon cultures 
held at either 20® or 37®C. 

Staining reaction. The organism stained readily with the ordinary 
stain and was definitely Gram + with only an occasional Gram — 
cell even in old cultures. 

Spore formation. Spores were not observed and the organisms taken 
from cultures on various media and at different ages failed to resist 
80®C. for ten minutes. 

Cultural characteristics 

Beef infusion agar slope. After twenty-four hours at room temper- 
ature or 37®C. there was a very heavy, white, viscous growth, slightly 
raised and with a smooth edge. There was but little change with an 
increase in age, 

* Centbl. f. Bakt., Abt. 2, xxxvi, 359. 

* See Orla-Jensen, Die Bakt. in der Milchwirtsohaft, 1913, 79. 

* Jour. Bact., 1920, v, 145. 



UNUSUAL OUTBBEAK OF BOPT MILK 


297 


Bee/ extract agar slope. Growth on beef extract agar was of essentially 
the same character as that on beef infusion agar but was slower. 

Whey agar slope. On whey agar, growth was much slower than on 
beef infusion agar but eventually was of the same general type. 

Beef infusion agar stab. Beef infusion agar stabs gave a growth along 
the line of puncture that at first had the appearance of closely aggregated 
colonies and later showed tiny projections with rounded ends. There 
was a heavy, white, viscous surface growth that was raised and had a 
smooth edge. The type of growth was the same at both room temper- 
ature and 37®C. 

Beef extract agar stab. Growth was of the same general t3^e as that 
in infusion agar stabs. 

Whey agar slab. Growth was essentially the same as that in infusion 
agar stabs, but considerably slower. 

Beef infusion agar plate colonies. On beef infusion agar plates colonies 
were evident after twenty-four hours at room temperature and after 
forty-eight hours were well differentiated into surface and sub-surface 
colonies. The surface colonies were large, round, viscous, white, very 
opaque, raised and smooth-edged while the sub-surface colonies were 
smaller, round to ellipsoidal, viscous, white, compact and smooth- 
edged; with an increased incubation there was an increase in the size 
of the colonies until those at the surface were from 2 to 3 mm. in diameter 
and those beneath the surface were up to 1 mm. in their longest dimen- 
sion. At 37°C. the development of colonies on beef infusion agar was 
essentially the same as at room temperature. 

Whey gelatine stab. Growth developed along the stab and then 
liquefaction began after several days at 20®C. Liquefaction proceeded 
only slowly and was greater at the surface than down in the medium; 
the liquefied portion of the gelatine showed a sediment. The entire 
medium was usually not liquefied even after two months' incubation. 

Bouillons. Plain bouillon and bouillons containing various ferment- 
able materials showed a turbidity and slight sediment in twenty-four 
to forty-eight hours at room temperature or 37®C. With age the tur- 
bidity cleared and the sediment increased. The sediment seemed to 
be viscous and was drawn out into threads on agitation. 

Potato. A white, moist, somewhat viscous, spreading growth oc- 
curred on potato at both room temperature and 37®C. but development 
was slow. 
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Dunham^s solution. After 24 hours at room temperature or 37®C. 
there was a turbidity and slight sediment. With an increase in age 
there was a greater turbidity and an increased sediment and later the 
turbidity cleared up leaving only a sediment. At all stages, the sedi- 
ment was viscous and when brought to the surface could be drawn out 
into threads. 

Uschinsky^s solution. There was no evidence of growth at either 
room temperature or 37°C. even after long periods of incubation. 

Plain milk. At room temperature plain skimmed milk quickly 
became ropy and then digested, the digestion in tubes being almost 
complete in three or four days. When fat was present digestion was 
much slower. At 37®C. plain milk became ropy and then soon coagu- 
lated with apparently some digestion or at least an expression of whey. 

Litmus milk. The changes were essentially the same as in plain 
milk except that the litmus was reddened in the milk digested at room 
temperature while it was reduced in the milk coagulated at 37®C. 

Peptone (1 per cent) milk. Growth was essentially the same as in 
milk without peptone. 

Peptone {1 per cent) litmus milk. Growth was essentially the same 
as in litmus milk without peptone. 

Biochemical features 

Gas production. No evidence of gas production was observed in 
milk or in bouillons containing glycerol, fructose, galactose, glucose, 
lactose, maltose, sucrose, mannitol, salicin, raffinose, inulin or starch. 

Acid production. In milk there was a slight increase in acidity, the 
maximum acidity observed being 0.47 per cent, calculated as lactic 
acid. In bouillons containing the various fermentable materials listed 
above there was very little if any acid development, 0.5 per cent N/1 
acid being the maximum found . 

Indol production. Indol was not detected after various incubation 
periods at room temperature and 37®C. 

Oxygen relation. The organism was definitely aerobic. 

SUMMARY 

An outbreak of ropy milk occurring in Iowa, that was unusual 
in the time of year it appeared, was studied and found to be due 
to an organism quite different than the type usually responsible 
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for ropy milk. The organism, which was studied morphologi- 
cally, culturally, and bio-chemically, was closely related to M. 
mucofacUns (Thoni and Thaysen) and was also somewhat like 
M. Freudenreichii (Guillebeau) but showed characters that made 
it seem desirable to designate it as a new species. Staph, cremoris- 
viacosi. Some time after the disappearance of the trouble the 
causative organism was found in the udders of cows in the pro- 
ducing herd. It was impossible, however, to tell whether the 
invasion of the udders preceded or followed the outbreak of 
ropy milk; in either case conditions were different when the 
milk carefully drawn from the udders was examined than when 
the outbreak occurred since when the examination was made 
the milk was no longer developing ropiness. 



A COMPARATIVE STUDY OF CORN SILAGE IN CON- 
CRETE AND STAVE SILOS‘ 

R. H. SHAW AND R. P. NORTON 

Research Laboratories^ Dairy Division^ Bureau of Animal Industry , United States 
Department of Agriculture, Washington 

INTRODUCTION 

Owing to the continual increase in cost of feed for dairy cattle, 
silos are becoming more and more popular. While the wooden 
or wooden-stave sUo is the prevailing type in most sections of 
the country, concrete silos have come into favor. There seems, 
however, to be a rather general feeling that the silage produced 
in concrete silos is inferior in quality to that produced in the 
stave silo. The purpose of the investigation described in this 
paper is an attempt to throw some light on this phase of the silo 
problem. 


PREVIOUS INVESTIGATIONS 

In 1884, Adolph Mayer, at Wageningen (1), reported the 
analysis of green maize put in, and maize silage taken out of 
four silos. In two unlined earth-pit silos containing, at ensiling, 
respectively 6 tons and 12 tons of maize which remained in the 
pits four and one-half months and five months, he found a loss 
of 40 per cent and 37 per cent respectively in food value. By 
ensiling 12 tons of maize for three months in a double-walled 
ice house he obtained an 18 per cent loss of food value. Using a 
cement silo with a roof he found a loss, after six and one-half 
months, of 36 per cent of the food value of the 6| tons of maize 
ensiled. 

In 1914 at the Iowa Agricultural Experiment Station, Neidig 
(2) used three tsqies of round silos, brick, wood-stave, and con- 
crete, having a capacity of 83 tons, 131 tons, and 138 tons, re- 
spectively. He decided, after careful study of the results from 

^ Published by permission of the Secretary of Agriculture. 
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the three silos, that the type of silo has no appreciable effect 
upon the keeping quality of the silage. He stated among his 
conclusions; 

The results show that no differences were noted in the chemical 
changes in the three silos which could be attributed to the effect of the 
different types of building materials upon the process of silage forma- 
tion. It is readily seen that approximately the same results are ob- 
tained in the temperature observations, gas analysis, and volatile and 
non-volatile acids of silage from the three silos. The only differences 
noted are differences in the quantity; the ratio of chemical substances 
is very nearly the same for each silo. 

He stated further in discussing the relative merits of the dif- 
ferent types of silos 

The chief factors necessary for the production of good silage are, 
therefore; smooth, air-tight walls, com in the right state of maturity, 
the proper amount of moisture, and carefulness in filling. 

During 1913 and 1915, Eckles, Oshel, and Magruder (3) 
studied temperature changes and chemical changes in a number 
of types of farm silos, experimental silos, and experimental cans, 
including two concrete sUos and three stave silos. The concrete 
silos had a capacity of 168 tons each and the stave silos had 
capacities of 190 tons for one and about 150 tons each for the 
other two. 

The authors concluded: 

The temperature in the silage in the early stage is infiuenced to some 
extent by the temperature of the atmosphere at the time of filling and 
of the water used, if any. 

The material used in construction of the silo has but little, if any, 
influence upon the temperature of the silage. 

Anal3rses of silage from the wall and center of silos of various types 
of constmction showed no difference in composition due to the material 
used in the construction of the silo. 
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PBSSENT INVESTIGATION 

Silos used 

The silos used in the investigation were located at the Dairy- 
Division Eiqperimental Farm, Beltsville, Maryland. They held 
approximately 150 tons of silage each. They were built side 
by side and consequently were exposed to practically identical 
weather conditions with the exception that the stave silo was 
situated directly south of the concrete one and consequently 
was somewhat more sheltered from northerly winds. The stave 
silo was also mtposed to more heat of the sun. 

Temperatures of silos 

Temperatures were taken by means of electrical thermometers 
buried in the silage, with cables leading to temperature indicators 
where the readings were taken at regular intervals. Three of 
these thermometers were used in the stave silo and three in the 
concrete. They were buried at about the same distance from 
the top in each silo, so that the pressure of silage would be approx- 
imately the same at the point at which each of the thermometers 
was buried. One thermometer was 3 inches from the wall, another 
18 inches, and the third in the center of each of the silos. A 
mercury thermometer was used in taking the temperature of 
the atmosphere at the time the readings were taken. 

Changes in chemical composition 

In order to determine the factor of chemical composition a 
sample of cut corn was analyzed at the time of filling and a sam- 
ple of the silage after fermentation had ceased. The plan was 
to run into the silo a considerable quantity of cut com, thoroughly 
mix it on a piece of canvas, take a sample for analysis, and fill a 
number of sacks with a known weight of the cut corn for burial 
at certain distances from the silo wall. These sacks were made 
of cheesecloth and a sack was buried at the side of each ther- 
mometer so that the centers of the sacks were the same distance 
from the wall as were the thermometers. In order to get these 
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sacks buried at the proper places a metal form 6 by 12 by 18 
inches and open at both ends was used, into which the sacks 
were tightly pressed. Cut corn of the same lot from which the 
sacks were filled was used to fill in around the forms. The forms 
were then removed. As the sacks were at the same level as the 
thermometers and the same distance from the wall the tempera- 
ture as shown by the thermometers could be used in determin- 
ing the effect of different temperatures upon the chemical com- 
position of the silage contained in the sacks. These samples 
were removed for analysis as soon as the silage was fed down to 
the place where they were located. Analyses of both the original 
and fermented materials were made for kind and amount of acids, 
water, ash, crude fiiber, total nitrogen, albiuninoid nitrogen, ether 
extract, and nitrogen free extract. 

Quality of the silage 

The quality of the silage was judged by the appearance, odor, 
and palatability when fed to cows. It was originally planned 
to conduct an actual feeding trial to determine the relative 
nutritive value of the two classes of silage in case the chem'cal 
composition and the quality of the silage indicated the advisa- 
bility of so doing. As no marked difference was observed in 
the quality of the silage made in the two silos it was decided not 
to conduct such a feeding experiment. 

Methods of analysis 

The material on reaching the laboratory was first thoroughly 
mixed. One kilogram of the mixed material was dried in a 
steam drying closet at from 50® to 60®C. to constant weight. 
It was then e3q>osed to the air in the laboratory for a few days, 
the final weight being taken to represent the air-dry condition. 
The air-dry mato'ial was ground in a power grinder to a fine 
powder suitable for analysis. Another part of the fresh material 
was pulped in a power meat grinder, thoroughly mixed, and sam- 
ples taken immediately for the nitrogen and volatile-acids 
detominations. 
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The volatile acids were determined by the method of Duclaux. 
All other determinations were made according to the methods 
of the Association of Official A^cultural Chemists. 

Two years were covered by the investigation. As the silos 
were being filled the first season, a breakdown in the cutting 
machinery after the sacks were placed caused an interruption. 
The corn which was put into the upper parts of the silos was 
consequently considerably more mature than that put into the 
lower parts and it was considered necessary to water both silos. 
Since both received the same treatment it is not thought that 
this interfered with the comparative results. 

The sacks were placed in both silos, the first season, on October 
7. They were removed between March 7 and March 14, having 
been in the silos 151 to 158 days The sacks were placed in the 
silos the second season on September 26. Owing to feeding con- 
ditions at the farm the level of the sacks was reached much earlier 
than in the first season. They were removed between October 
22 and October 29, having been in the silos 26 to 33 days. 

RemiUs of analyses 

The following tables give the chemical results on the material 
as it was ensiled and as it was removed, and also give the tem- 
peratmes. 

The temperatures. For the greater part of the first season 
temperature readings were taken each day at 6 p.m. Toward 
the last of the season they were taken less frequently. During 
the second season, which extended but a little more than a 
month, the reading were taken at 5 p.m. each day, with one or 
two exceptions. Unabridged tables contaming these data would 
take up too much space to be presented here. The tables whidi 
follow contain figures representing average daily temperatures for 
each week of the active ensiling period and it is believed that 
they will serve as well as the much more cumb^ome ones giving 
the daily temperatures. 

In comparing the temperatures of the two silos it should be 
borne in mind that the stave silo was situated directly south of 
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the concrete silo and received more or less protection from north- 
erly winds and more heat from the sun. This will account, 
perhaps, for the somewhat lower temperatures in the concrete 
silo. 


SUMMARY AND CONCLUSIONS 

Two 150-ton silos, one wood-stave and one concrete, were 
used in the investigation. They stood side by side and were 

TABLE 1 


Chemical composition of material when placed in both silos and when removed; first 

season 


CON8T1TUBNT 

ORBZN MATERIAL 
WREN PUT INTO 
SILO 

58 

h 

■ H 
fc * 

w 

SAMPLE NO. 2 STATB 
SILO, 18 INCHES 
PROM WALL 

SAMPLE NO. 3 STATB 
SILO, CENTER 

SAMPLE NO. 4 CON* 
CRBTE SILO, NEXT 
TO WALL 

AS a 

0 0 

^ • K 
•0 2 fc 

0 S eo 

K H 

S K ^ 

ao 

ii 

*1 

B * 

a os S 

5 0 H 


P0r cent 

per cent 

per cent 

per cent 


per cent 

per cent 

Moisture 

81.71 


81.95 

80.43 

82.02 

83.23 

81.69 

Ether extract 




0.78 

0.74 


0.59 

Total nitrogen 




0.269 

0.259 


0.290 

Albumin nitrogen 




0.178 

0.171 

HI 

0.168 

Crude fiber 


BEfil 

4 94 

4.57 

4.37 

4.54 

4.41 

Furfurol 


2.27 

1.93 

2.15 

1.91 

1.81 

1.94 

Starch 


3.18 


3.63 

3.12 

2.95 

3.08 

Total sugars as dextrose 


ItWtWj 

None 

None 

0.055 

None 

None 

Invert sugars as dextrose. 


None 

None 

None 


None 

None 

Ash 

1.36 


1.31 

1.43 

1.32 

1.18 

1.17 



ee. 

cc. 

ee. 

ee. 

ee. 

ee. 

Volatile acids in 100 arams* 


72.36 

124.5 

115.0 

99.97 

121.9 

149.0 


These figures refer to the quantity of Ba(OH}s solution required to neu- 
tralize the total volatile acids in 100 grams of pulp. 


deposed to the same temjierature and weather conditions, with 
the exception that the stave silo, which was located to the south 
of the concrete silo, received some protection from northerly 
winds and more heat from the sun. 

When the silos were about half filled, sacks of carefully mixed 
cut com were buried near the wall, 18 inches from the wall, and 
in the centor of each silo. Temperatures were taken of the 
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TABLE 2 


Chemical composition of material when placed in both ailoa and when removed; second 

season 


CONSTITUENT 

G B B S N MATXBIAL 
WHEN PUT INTO 
SILO 

SAMPLE NO. 1 STATE 
SILO, NEXT TO 
WALL 

ga 

gsg 

III 

S 

n 

h 

CO C 

d 1 
* 8 

u 

s 

n 

'iU 

ili 

9 O 

6 •« 

9 h 

6 S CB 

K H 

IS 

11 

If 

iS8 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Moisture 


79.18 


78.34 

78.50 


77.48 

Ether extract 




0.43 



0.50 

Total nitrogen 




0.421 



0.421 

Albumin nitrogen 




0.368 



0.370 

Crude fiber 

4.97 

4.23 


4.24 

4.28 

4.41 

4.83 

Furfurol 

2.49 

2.15 

2 2.5 

2.20 

2.30 

2.22 

2.12 

Total sugars as dextrose 

1.65 

0.16 


0.69 



0.39 

Invert sugars as dextrose 

0.77 

None 

None 

None 

None 

None 

None 

Ash 

0.94 


0.94 

0.90 



0.96 



CO, 

ee. 

ce. 

ee. 

ee. 

ce. 

Volatile acids in 100 grams 








ground pulp* 


67.1 

56.24 

56.3 

64.7 

64.5 



* These figures refer to the quantity of Ba(OH )2 solution required to neu- 
tralize the total volatile acids in 100 grams of pulp. 


TABLE 3 


Volatile acids in silage from the two silos 




per cent 

per cent 

per cent 

per eent 

per eent 

per eent 

Acetic acid 

1.84 

3.49 


2.47 

3.73 

2.92 

Propionic acid 

0.24 

0.41 


0.50 

0.37 

0.24 


Second season 


Acetic acid 

1.54 

MSM 

1.19 

1.39 

1.49 

1.35 

Propionic acid 

Formic acid 

0.38 


0.19 

0.22 

0.08 

0.05 

0.04 
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outside air and of the silage at the points where the sacks were 
buried in each silo. The silage in the sacks was subjected to a 
rather complete chemical analysis, including the volatile acids. 
Neither the temperatures nor the chemical analysis revealed 
any marked difference in the quality of the silage that could 
hb ascribed to the material used in the construction of the silo. 
Cows ate the silage from both silos with the same avidity. 


TABLE 4 

Mean temperatures of the air and of the silage at three different points in each silo 




H o 
> H 


H 



ii iz; 

WXKK SNOXD 

AIR 

P 5« 

!C 

ft 

|s 

CQ 

Q 5^ 

§ g 

C H 

. d 

gsd 

o o 

d S a 
n 

8g 

Zi 

fe; « 



ti" Q 3 

H B 
<4 O o 

So 



H g 

H « 



2 < 

S d K 

Ss 



g « H 
* O H 



OD 

a 

a 

m 


First season 



deg. C. 

deg. C. 

deg. C. 

deg. C. 

deg. C, 

deg. C. 

deg. C. 

October 13 

21.3 

25.3 

31.8 

33.0 

21.2 

26.8 

28.6 

October 20 

16 6 

23.0 

34.1 

37.3 

18.6 

28.3 

32.5 

October 27 

14.5 

20.2 

30 6 

36.2 

16.4 

26.3 

34.8 

November 3 

16.0 

18.0 

27.6 

35.3 

14.1 

24.5 

35.6 

November 10 

14.6 

15.4 

25.3 

34.7 * 

12.3 

22.5 

34.7 

November 17 

13.5 

14.8 

23.6 

34.1 

12.1 

20.9 

33.8 

November 23 

13.9 

12.2 

22.2 

33.4 

8.9 

19.4 

32.5 

December 1 

5.5 

9.4 

20.3 

32.5 

6.1 

17.3 

30.8 

December 7 

8.7 

10.8 

18:3 

31.3 

8.7 

15.3 

29.0 

December 14 

2.7 

7.5 

17.7 

30.7 

4.5 

14.5 

27 7 

December 21 

7.1 

7.1 

16.0 

29.4 

4.0 

12.6 

26.3 

Second season 

October 3 

21.6 

28.7 

34.5 

35.2 

23.1 

29.1 

29.2 

October 10 

22.3 

24.5 

32.6 

37.0 

19.9 

27.1 

29.1 

October 17 

18.7 

21.7 

30.3 

37.0 

16.9 

24.7 

28.5 

October 24 

14.0 

20.5 

28.9 

37.3 

13.8 

22.6 

28.3 
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HOW DO BACTERIA GET INTO MILK AT THE FARM 
AND HOW MAY THEIR NUMBER BE REDUCED? 

M. J. PRUCHA, H. A. HARDING, H. M. WEETER and W. H. CHAMBEBe 

Dairy Husbandry Department ^ College of Agriculture, University of Illinois 

The high germ content of city milk supplies has been the oc- 
casion of much alarm for the past thirty years. Many cities (1) 
have attempted to meet the situation by declaring that milk 
containing more than some definite maximum of bacterial life 
should be excluded from the retail market. 

About twenty years ago there began in this country a series 
of fruitful attempts (2) to find the actual sources of bacterial 
life in milk. While there has been a general and growing interest 
in this line of studies the work has been most intensively pushed 
at the New York Agricultural Experiment Station, at the Federal 
Dairy Division, and at the University of Illinois. 

But little study was needed to show that the bacteria present 
in the milk as it reached the city plant were due to two distinct 
sources; first, the seeding with germ life which the milk receives 
at various stages in its journey, and second, the growth which 
takes place after the germs are seeded into the milk. 

It has long been known that for some time after the milk is 
drawn from the cow the germ content ordinarily decreases (3), 
the extent and duration of this decrease depending upon a number 
of factors. Gradually the multiplication of some of the germs 
which have fallen into the milk compensates for the decrease 
of the others. As a result of the action of various factors, the 
germ content of the mbming's milk as it is delivered from the 
farm to the bottling plant or the shipping station ordinarily 
represents little more than the number of bacteria seeded into 
the milk. 

Milk companies in increasing numbers are determining the 
germ content of the nulk as it comes to them. While their 
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findings are subject to fairly wide variations at any given plant 
and there are also variations in different parts of the country, 
60,000 bacteria per cubic centimeter may be taken as a very 
conservative figure for the bacterial content of morning's mUk 
as delivered at the shipping station or bottling plant during 
warm weather. 

The problem of the dadry bacteriologist is first to find the 
sources of this large number of bacteria which get into milk 
and second, to find practical means by which the introduction 
of germ life can be markedly reduced. At the beginning of the 
studies concerning the sources of the bacteria added to milk, 
there was a general feeling that the character and condition of 
the barn was mainly the responsible factor. This feeling found 
expression quite frequently in summary orders from health 
departments to milk producers either to provide better barns or 
quit furnishing milk for the municipal supply. 

Investigation soon made it evident that the construction of 
the barn (4), within any re^isonable limits, exerted little or no 
influence upon the germ content of the milk. It was found 
further that while many of the ordinary bam practices exerted 
a measurable influence upon the amount of germ life in the milk 
(5) the magnitude of those influences was plainly secondary. 
Perhaps their most constructive contribution consisted in point- 
ing out that at least 80 per cent of the germ life getting into 
milk comes ordinarily from the utensils (6) in which the milk is 
handled and that among the utensils used at the farm the milk 
can is ordinarily the major source of germ life. 

Having shown that the milk cans, and not the barns, are 
mainly responsible for the large amount of germ life added to 
the milk at the farm, the next problem was to find practical 
means of reducing the germ life in the milk cans. Data were 
presented which indicated that the germ content of cans washed 
at the milk plant is progressively reduced when the cans are 
thoroughly washed, when they are rinsed with clean water, 
and particularly when they are thoroughly steamed. The data 
further showed that the amount of germ life in the cans when 
used later at the farm is largely dependent upon the presence 
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and area of moist surface persisting in the interior of the cans. 
These results suggest that if the cans which are now washed and 
steamed at the milk plants are properly dried before being re- 
turned to the milk producers, the germ content of the milk later 
returned to the milk plants in these same cans will be markedly 
reduced. 

While the solution of the problem of producing milk of low 
germ content is thus shown to lie largely within the control of 
the milk plant operator, the fact remains that under present 
conditions a large part of the cans returned to the producer from 
the milk plant are returned in a moist condition. Accordingly 
it is important to know what the milk producer can do with these 
moist, high germ content cans in order to best prepare them for 
receiving milk. Moreover, the problem of the most effective, 
and at the same time the most practical method of handling 
pails and similar utensils is one constantly present on all farms. 

The mechanical washing of pails and cans on dairy farms is 
both so simple and ordinarily so well done as to need little com- 
ment. Moreover, following this washing there is much diver- 
gence of practice with regard to subsequent rinsings of the washed 
utensils with hot water. A large part of the effect of such rinsing 
upon the germ life has been found to result from the mechanical 
removal of germ life by the rinse water. The magnitude of this 
mechanical removal has been measured by experiments in which 
rinse water at 70°F. was used. The results of such treatment of 
a considerable number of well-washed 8-gallon cans suggests that 
more than two billion germs are thereby removed from each can. 

A somewhat larger number of germs is mechanically removed 
by using warmer rinse water, but, as the temperature of the 
rinse water increases, the measurement of the germs actually 
removed is complicated by the destructive action of the hot water 
upon the germs. For example, rinsing with water at 205° to 
208°F. undoubtedly removes mechanically more germs than a 
cooler rinse water will remove, but the destructive action of this 
high temperature is so great that the number of living germs 
found in the rinse water rarely exceeds a half billion per can. 

1 This and the following statements regarding results of investigations refer 
to data given in 111. Agr. Exp. Sta. Bui., now in press, on Elimination of germs 
from dairy utensils. I. By rinsing. II. By drying in sun and air. 
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The destructive effect of hot rinse water upon germ life is 
much less than is commonly supposed, being much reduced by 
the rapid cooling of the rinse water through the transfer of its 
heat to the utensil. Thus when an eight-gallon can at 72®F. 
is rinsed with a quart of water at 150°F., the temperature of the 
rinse water falls about 40® within sixty seconds. As the amount 
of rinse water per can is increased, the drop in temperature is 
correspondingly reduced, so that when 4 quarts of water at 
150°F. are added to a can the temperature drops only about 
20 ®. 

When boiling water is applied the destruction of germ life is 
pronounced, particularly when more than two quarts of rinse 
w’ater are used per can. Under such circumstances the combined 
effect of the mechanical removal and the destruction of germ 
life is such that if the cans were immediately filled with sterile 
milk the germs remaining in such scalded cans would commonly 
increase the germ content of the milk only about 100 bacteria 
per cubic centimeter. Accordingly the fairly common practice 
of applying scalding water to freshly washed utensils or to moist 
washed cans returned from the milk plant is to be commended. 
It should be noted, however, that the pouring of this rinse water 
from one can to another greatly reduces the effectiveness of this 
practice, both because the rinse water promptly becomes too 
cool to exert much killing effect and because it quickly becomes 
contaminated by the germ life which it mechanically removes 
from the utensils. 

As a method of treating the moist, washed cans which arrive 
at the farm shortly before they are needed nothing better is 
available ordinarily than the thorough scalding of the can with 
hot water. However, when any considerable interval is to elapse 
before the cans are filled with milk, it is of prime importance 
that they should be promptly and thoroughly dried. 

Observations have been made upon the effect of inverting 
washed and rinsed cans on a rack in the sun. When the sun 
is hot and the air dry the cans dry quickly and the germ life in 
the cans is promptly reduced. Cans which are fairly well rinsed, 
when thus dried and kept dry, are ordinarily in a condition to 
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add not more than 100 bacteria per cubic centimeter to the milk 
with which they are filled. However, during damp or rainy 
weather, when moisture remains in the cans the germ content 
holds its own or even multiplies considerably. 

A further series of observations was made by adding to sterile 
cans 10 cc. from a vat of rinse water or wash water and holding 
the cans twenty-four hours, one half of the cans with the covers 
on and the other half with their covers removed. Where the 
covers remained on the cans, the germ life increased between 
20 and 3000 fold. WThere the covers were removed and the 
conditions permitted rapid (hying, the germ content fell promptly, 
but where the drying was retarded the amount of germ life re- 
mained constant or even increased. 

These studies of the source of the bacteria which get into the 
milk at the farm may be summarized by stating that evidently 
the milk cans are ordmarily the main factor in seeding the milk, 
and that during hot weather they normally contribute 30,000 
or more bacteria per cubic centimeter to the fresh milk. This 
high germ content of the milk cans is ordinarily due, not to 
failure to properly wash and rinse the cans at the milk plant, 
though improvements at this point are undoubtedly needed in 
some cases, but primarily to the growth which takes place in 
the cans after the washing process. 

The amount of growth occurring in the milk cans between the 
time they are washed and the time they are filled with milk 
depends upon the temperature, the amount of moist area within 
the caps and the length of time which elapses before the cans 
are used. Of these factors the moisture of the can is the only 
one which can be successfully controlled. 

A thorough drying of the cans before they leave the milk plant 
will exert a profound influence upon the germ content of the 
milk later returned to the plant in these cans. 

"Where moist cans are returned to the producer he may put 
them into acceptable condition by thoroughly rinsing them with 
scalding water. If they are not to be used inunediately, they 
drould be promptly and thoroughly dried. 
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THE EFFICIENCY OF MILK SUBSTITUTES IN CALF 

FEEDING* 

GEO. SPITZER ANi> R. H. CARR 

Dairy Husbandry Deparlmenty Purdue Experimental Station ^ Lafayeitef Indiana 

INTRODUCTION 

For many years there has been a desire among dairymen to 
secure a milk substitute for the rearing of yoking calves. This 
desire and need have increased as the cost of milk production 
has increased. During our recent war the demand for whole 
milk increased greatly and consequently the price of milk and 
its by-products advanced to such an extent as to make the ex- 
pense of raising calves on whole milk almo.st prohibitive. Al- 
though skim milk has proved to be an excellent substitute for 
whole milk after the calf has reached the age of two to three 
weeks, the supply of skim milk also is limited e.specially by 
dairymen who supply the customer wdth whole milk. There 
is no doubt but that whole or skim milk is the ideal food for the 
growing animal. The only difference between whole milk and 
skim milk is the fat content, so that in feeding skim milk the 
nutritive value of the fat must be supplied by other feeds such 
as com, oats, etc. The grains supply the carbohydrates which 
serve as a source of energy. A rational feed to insure growth, 
maintenance and health must contain an ample quantity and 
quality of food materials, also a sufficient amount of both types 
of vitamines, the “fat soluble A” and “water soluble B,“ in 
addition the requisite amount of mineral matter. 

RECENT INVESTIGATION 

For many years nutritional investigators were of the opinion 
that the bodily growth and well-being of animals were dependent 
primarily on properly balanced rations and that such rations 

‘ Acknowledgment is given Mr. R. E. Caldwell for his help during the first 
and second part of this experiment. 
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would meet the requirements and be considered complete foods 
if they consisted of certain definite proportions of any fats, 
proteins, carbohydrates and mineral salts. While in a large 
number of feeding experiments the growth obtained went far 
to prove the theory advanced, more recent investigations have 
shown conclusively that the above hypothesis is not valid, 
especially in regard to the proteins. Proteins are complex 
organic compounds built up of a large number of simpler definite 
chemical bodies called amino acids which have been designated 
by the term ‘^Bau Steine'^ or building stones. It has been found 
that proteins derived from different sources vary considerably 
in quantity and kind of amino acids they yield. In some feeds 
certain amino acids are wanting, or if present are not in sufficient 
quantity. It is the kind and quantity of amino acids which 
give quality to the different proteins. Two amino acids play 
an especially important r61e in the growth and maintenance of 
animals. These are lysin and tryptophane. Therefore there 
are important differences in feeds resulting from the character 
of proteins derived from different sources. Numerous exi)eri- 
ments have shown that there are great differences in the amounts 
of different proteins required to maintain animals without loss 
of body weight. It was found at the Wisconsin Experiment 
Station that there was a great difference in the value of proteins 
when derived from different sources. Experiments showed that 
the pig was able to retain for the construction of body tissue the 
following percentages of proteins in the naturally occurring food 
stuffs. 

per cent 


Oil meal protein 16-17 

Wheat* protein ♦ 20 

Corn* protein 24 

Oat* protein 25 

Wheat germ protein 40 

Skim milk protein 63 

And a mixture of: 

Corn protein 90 per cent plus oil meal protein 10-31 

Corn protein 75 per cent plus oil meal protein 25-37 

Corn protein 60 per cent plus oil meal protein 40-31 


* Hart, E. B., and McCollum, E. V., J. Biol. Chem., 1914, xix, 373. 

» McCollum, Simmons and Pitz, J. Biol. Chem., 1916-1917, xxviii, 153. 

* McCollum, Simmons and Pitz, J. Biol. Chem., 1917, xxix, 341. 
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This table shows that there is a great difference in proteins 
derived from different sources, and suggests the possibility of 
combining two or more groups of proteins which will be more 
efficient in promoting growth than the proteins in the individual 
grains. From these data and numerous other experiments the 
results of which are more or less relative, it is evident that to 
base the protein content irrespective of the character will lead 
to disappointing results in the feeding of animals. 

VITAMINES OR FOOD ESSENTIAL “fAT SOLUBLE a” AND “WATER 

SOLUBLE b” 

The most recent investigations have shown that in addition 
to a well balanced ration of fats, carbohydrates, proteins and 
salt of proper quality there must be present in a complete feed 
other nutritional essentials in order to promote growth, mainte- 
nance and well-being of animals. These substances are popularly 
designated by the term “vitamines.” The term “vitamines”s 
was suggested by C^asimir Funk as one to designate a number 
of substances of unknown chemical composition to which he 
ascribed the property of preventing, curing or controlling dis- 
eases such as scurvy, pellagra, polyneuritis, etc. To a lack of 
vitamines in the diet these deficiency diseases were attributed. 
Researches by McCollum tend to establish the existence of two 
types of these food essentials. These he has designated as “fat 
soluble A” and “water soluble B.” Vitamines occur in all plants 
and animals in varying amounts. The “water soluble B” is 
abundant in nearly all natural foods, but is almost entirely absent 
in purified sugar, starch, polished rice and fats of both vegetable 
and animal origin such as lard, tallow, olive oil, cottonseed oil, 
etc. The yolk of eggs, fats of intemal organs, as the kidney 
and heart, are relatively rich in the “fat soluble A.” Those 
foods containing relatively small amounts of the fat soluble 
ac cessory are cabbage, turnips, carrots and most other root crops, 
and all highly sterilized products. 

The leafy portion of growing plants is relatively rich in vit- 
amines, differing markedly from the seeds. Rations of seeds. 
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tubers, and roots, although supplemented with the required 
mineral salts, are insufficient to maintain life, but the addition 
of the leafy parts of plants to this combination will furnish a 
food which is adequate to support life. 

Milk, the best of natural foods, is rich in all essentials for the 
maintenance, growth and well-being of animals. It includes 
large amounts of both the fat soluble and water soluble vitamines. 

MINERAL REQUIREMENTS OF THE ANIMAL 

The growth of an animal involves the utilization of mineral 
matter in the formation of tissue, as well as of the skeleton. The 
greatest need is for bone formation. About two-thirds of the 
dry matter of bone consists of mineral matter. So it will be 
seen readily that it is very important that there should be a 
sufficient quantity of the mineral elements for the growing ani- 
mals. These mineral elements are derived from the feed; and 
inasmuch as some feeds, especially grains, are very deficient in 
either one or more of the essential ^alts, it is highly essential 
to supply this deficiency. The more restricted the ration as to 
variety of feeds, the greater the danger of an insufficient supply 
of the proper mineral elements. Those most frequently deficient 
in feeds are sodium, calcium, and phosphates. 

CALF FEEDING EXPERIMENTS 

In 1915-1916 O. F. Hunziker and R. E. Caldwell conducted 
experiments in skim milk and milk substitutes for calf feeding. 
(Bulletin No. 193, this Station). Thirty calves of pure-bred 
stock were divided into lots of ten calves edch. One lot was fed 
skim milk, another was fed home mixed meal and a third lot was 
fed Blatchford^s Calf Meal. The following year, 1916-1917, 
O. H. Anderson, in cooperation with the authors, conducted a 
more extensive experiment on the efficiency of certain milk 
substitutes in calf feeding. These results were published in the 
Journal of Biological Chemistry, vol. xxviii, 1917. The object 
of this investigation was ; first, to determine the growth efficiency 
of certain milk substitutes in calf feeding; second, to determine 
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the nitrogen distribution; third, to determine the nitrogen utili- 
zation of the different feeds used. 

The following combinations were used in this experiment: 

/. Vegetable meal. Linseed meal, soy bean meal, cottonseed 
meal and wheat middlings — equal parts by weight of each feed. 

II. Home mixed meal. Hominy feed, linseed meal, cottonseed 
meal, White Swan flour, dried blood, equal parts by weight of 
each feed. 

III. Vegetable dried blood. Soy bean meal, linseed meal, cot- 
tonseed meal, wheat middlings, and dried blood, equal parts by 
weight of each feed. 

IV. Home mixed casein meal. Hominy feed, linseed meal, 
White Swan flour and casein, equal parts by weight of each feed. 

From the results obtained by these preliminary experiments, 
especially from the work done by O. H. Anderson and others, 
it seemed advisable to continue this feeding experiment. The 
last experiment showed clearly that there was a great difference 
in the structure of the proteins as shown by the nitrogen retained 
for body growth and the distribution of the excreted nitrogen 
in the feces and urine. 

pitrpose of extended experiments 

The object of these experiments was to find a milk substitute 
which would be more efficient for the rearing of calves than the 
feeds already tried for this purpose. In order to determine the 
efficiency of any calf feed its success must be compared with that 
of milk as a standard. The experiment involved the comparison 
of the calves fed substitutes with those fed milk as to their 
growth and health, utilization and digestion of feeds, and the 
distribution of nitrogen in the urine and feces. 

EXPERIMENT I 

The investigators wished to test particularly the efficiency 
of liquid beef blood as compared with milk and also that of purely 
vegetable proteins. Analyses were made of all feeds or mixtures 
of feeds and an accurate record kept as to the amount fed. Total 
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nitrogen was determined in urine and feces of the daily composite. 
Feeding crates made it possible to collect urine and feces sepa- 
rately and keep a quantitative daily record of the nitrogen 
excreted. 


Method of -procedure 

The calves used in this experiment were grade Holstein, weigh- 
ing 85.8 to 113.9 pounds and from six to nineteen days old. 
They were selected with respect to their uniformity in vigor 
and general condition. During the experiment period the calves 
were fed in crates. They were given frequent exercise on the 
bam floor and weighed every ten days. At the beginning they 
were fed on skim milk for a period of six to ten days. Then 
the milk substitutes were used as a part of the feed and gradually 
increased in such quantities as seemed compatible with the 
maintenance of the natural functional operations. At the end 
of ten days the calves that received milk substitutes were no 
longer fed any milk. 


Feeding chart for experiment I, Feeding periods and feeds received by each calf 



CMiF 22 

CALF 110 

CALF 210 

c\LF 223 

Period I 

i 

Liquid blood 
Hominy 

Linseed meal 
Red Dog flour 

Skim milk 

Skim milk 

Clover infusion 
Corn meal 
Gluten meal 
Red Dog flour 
Buckwheat 
flour 


Alfalfa hay 

Alfalfa hay 

Alfalfa hay 

Clover hay 


Dry mash 
Ground oats 
and com 

Dry mash 
Ground oats 
and corn 

1 

Dry mash 
Ground oats 
and corn 

Dry mash 

Com gluten 
Com meal 
Buckwheat, 
ground 

Red Dog flour 
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Discussion of experiment I 

In planning this feeding experiment it was the aim to select 
a simple combination of grains which are available and can be 
purchased at a reasonable price. In this experiment a com- 
parison has been made between the efficiency of the proteins 
derived from liquid blood in combination with vegetable proteins, 
the liquid blood supplying the animal proteins, and that of feeds 
composed entirely of vegetable proteins. The liquid beef blood 
was used in place of dried blood which is used considerably as a 
source of protein. 

In drying blood, the proteins become insoluble in water, and 
owing to the high temperature to which the blood is subjected 
in drying and sterilization, it seems probable that some of its 
nutritional value might be destroyed. Liquid blood supplies 
the amino acids which, to a great extent, are required to synthe- 
size the proteins of the animal. Besides, in the liquid blood the 
proteins are in their natural condition, and contain the food 
accessories in their active state. 

Our feeding experiment bears out the superiority of liquid 
blood to dried blood in effecting metabolism, the physiological 
process by which non-living matter is built up into living matter 
or living matter broken down into more stable compounds. 
This difference is strikingly shown in the behavior of calf 22. 
When the calf was fed on the liquid blood ration, the nitrogen 
eliminated in the urine was 45.81 per cent of the nitrogen intake, 
while with the calves fed on vegetable proteins plus clover in- 
fusion and also milk, the nitrogen eliminated in the urine was 
27.33 per cent of the nitrogen intake, and in the milk fed calves 
the nitrogen in the urine was 31.2 per cent. From our previous 
feeding experiment, it would seem that dried blood in com- 
bination with vegetable proteins had no more effect in stimu- 
lating metabolism than the feed composed entirely of vegetable 
proteins. 

While it is realized that liquid blood is not practical as such, 
yet this experiment furnishes evidence of its superiority as a 
feed over dried blood and it is possible to prepare blood in a 
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dry and at the same time more soluble form, which, to a great 
extent, will have the nutritive value of liquid blood. In the 
feed composed of vegetable proteins the basic feed was similar 
in character of the proteins to that fed in the liquid blood mixture. 
The liquid used in the feed for calf 223 was an infusion of clover 
hay which in some communities is being used to supplement 
milk. The dry mash and roughage were also of similar character 
in the two lots. The clover hay infusion was heated to boiling 
and mixed with the requisite amount of dry basic feed. This 
food was prepared daily. Inasmuch as the ration of the two 
lots of calves consisted of grains of low feeding value and was 
deficient in both the unidentified dietary factors, “fat soluble A” 
and “water soluble B,” and since the leaves contain the dietary 
factors in much greater quantity than the seeds, the aim was to 
supply these by the use of clover hay infusion. This experiment 
with the clover infusion was conducted primarily for the purpose 
to test the efficiency of purely vegetable proteins. 

In feeding the calves, sufficient quantities of the mixtures were 
fed to keep the animals in normal condition, the physical condi- 
tion of the feces being used as criterion. Dry mash and roughage 
were supplied in sufficient quantity to satisfy the wants of the 
animals. 


Summary of experiment I 

I. The following represents the average daily gain in pounds 
of the three representative feeds, liquid blood, clover infusion, 
and milk, during the first ninety days, or the critical period of 
the life of the calf. 

pounds 


Calf 22: Liquid blood ration 1.32 

Calf 219: Milk ration 1.40 

Calf 110: Milk ration 1.17 

Calf 223 : Clover infusion ration 1.03 


II, The following per cent of nitrogen fed was retained. 


percent 


Liquid blood ration 24.4 

Milk 42.8 

Clover infusion ration 31.9 
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III. Of the nitrogen intake, the excreted nitrogen was dis- 
tributed as follows : 


Liquid blood ration: 


jMT een 

In urine 45.9 

In feces 29.9 

Milk ration : 

In urine 31.2 

In feces 26 7 

Clover infusion ration : 

In urine 27.4 

In feces 40.7 

IV. The average daily nitrogen intake for the calves was as 
follows: 

i;rama 

Calf 22 86.96 

Calf 110 67.41 

Calf 219 38.66 

Calf 223 48.72 


V. Average daily gain in body weight per gram of nitrogen 
retained. 


Calf 22 28.5 

Calf 219 38.4 

Calf 110 22 8 

Calf 223 30.2 


EXPERIMENT II 
Introduction 

From our previous experiment^ in feeding liquid beef blood 
as a source of animal protein, we deemed it worth while to con- 
tinue the use of blood protein as a substitute for milk protein. 
As stated in our previous discussion and as must be evident to 
any feeder, liquid blood, as used in our experiment, is not a 
practical feed, owing to the difficulty of securing a sufficient 
quantity at regular intervals. This would be possible only in 
locations where large slaughter houses are located. The greatest 
objectionable feature in the use of liquid blood is its rapid deter- 
ioration, which makes it unfit for this purpose. 

• Caldwell, R. E., Dairy Science, ii, 312, 
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To secure what seemed to us a practical combination, judging 
from results obtained from our previous feeding experiments 
with mixtures of grains and proteins from different soiirces, we 
selected for our mixture, groimd com, oil meal, and liquid beef 
blood. The proportions were com meal, 8 parts, oil meal 1 part, 
and liquid blood 12 parts, corresponding approximately to 3 
parts of dried blood. The proportion of com meal and oil meal 
were suggested by work done at the Wisconsin Agricultural 
Experiment Station. It was found that when com alone was 
fed the proteins were utilized to the extent of 24 per cent and 
oil meal alone 20 per cent, but when mixed in the proportion of 
com protein 75 per cent and oil meal protein 25 per cent and 
fed, 40 per cent of these proteins was utilized in the formation 
of body protein. These grains are easily available and moderate 
in price, and the mucilageous body in the oil meal serves an excel- 
lent purpose in keeping the mixture in suspension when mixed 
with warm water. 


Purpose 

The p'urpose of this experiment was to determine the efficiency 
of this mixture of com meal, oil meal, and liquid blood when 
prepared in a dry condition, which ultimately could be manu- 
factured on a large scale and made a practical commercial feed 
for raising yoxmg calves. 

Preparation of feed 

In preparing the mixture of com meal, oil meal, and liquid 
blood for this feeding experiment particular attention was given 
to the drying. It is generally accepted that high heat, at the 
boiling point of water deteriorates or has a destmctive influence 
on the activity of the unknown dietary factors, “vitamines.” 
And no doubt, continued high heat, especially above the boiling 
point of water, causes the proteins to become less soluble and 
digestible in the alimentary tract. In order to avoid the dffect 
of high heat, the mixture was dried on shallow tin pans at a 
temperature not above 140® to 160*F. The mixture was stirred 
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frequently. During the drying a warm blast of air was con- 
stantly forced over the mixtine, this procedure hastening the 
drying and avoiding undue exposure. This drying was completed 
in 4 to 6 hours sufficiently to permit grinding. After drying 
the feed was ground fine enough to pass a forty mesh sieve. This 
feed, when mixed with water 160° to 180°F. and left standing 
for a short time, becomes gelatinous and can be diluted with 
water to the required consistency for feeding. The mixture of 
corn meal, oil meal and liquid blood as prepared above, we will 
designate in the future as “Purdue Calf Meal.” 


Method of procedure 


Two Holstein grade male calves of about the same age were 
selected for this feeding trial. The calves weighed 119 to 129 
pounds, age fourteen to sixteen days respectively. They were 
fed in feeding crates as in our previous experiment. Milk having 
been fed for two days it was replaced by the calf meal. This 
was gradually increased daily so that at the end of seven days 
the calves were fed exclusively on this meal. In addition to 
this prepared feed the calves were fed a dry mash consisting of 
ground corn 8 parts, and oil meal 1 part, in such quantity that 
the trough was clean of mash at each feeding. The calves had 
access to roughage of chopped com fodder of excellent grade, 
of which they were allowed all they would eat. The uneaten 
portion, consisting of some husks and stocks was removed daily 
and fresh fodder supplied. A record was kept of all feeds fed 
and consumed. 


Nitrogen content of feeds 

percent N 

Milk 

Blood mixture 
Dry mash .... 

Stover 


4.24 

i.gs 

1.00 
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Discussion of experiment II 

In this discussion it is our aim to show the efficiency of Purdue 
Calf Meal compared with that of liquid blood and milk. 

The average daily gain of calf 22, fed on liquid blood, was 1.32 
pounds, calves 219 and 110, receiving milk, made an average 
daily gain of 1.40 and 1.17 pounds respectively, while calves 1 
and 2 receiving Purdue Calf Meal made an average daily gain 
of 0.96 and 0.94 pounds. 

From the sunmiary it is seen that the average daily nitrogen 
intake for calf 22 was 85.96 grams, and for calves 219 and 110 
the average daily nitrogen intake was 38.66 and 57.47 grams 
respectively. If we consider the nitrogen retained for body 
growth of the different rations, we find that calf 22 retained 
21.09 grams of nitrogen daily, calves, 219 and 110 retained 16.6 
and 23.25 grams daily while calves 1 and 2 retained 19.58 and 
21.81 grams of nitrogen daily. From these figures it appears 
that calf 22 received more nitrogen than the capacity for growth 
required. When the digestible nitrogen intake is greater than 
that required for growth, the excess is catabolized (that is, the 
living protoplasm breaks down complex substances into simpler 
components), the residual nitrogen appearing in the urine. This 
seems quite evident from the figures obtained in the distribution 
of the excreted nitrogen. Summary I and II. By comparing 
the gain in weight per gram of nitrogen intake we find a close 
relation with the exception of calf 219. 

Daily gain per gram of nitrogen retained 


Calf 22 28 5 

Calf 219 38.4 

Calf 110 22.8 

Calf 1 22.2 

Calf 2 19.6 


The figures show the nitrogen distribution of the calves fed 
different rations. 



MILK SUBSTITUTES IN CALF FEEDING 


327 




Fte. t 


Fio.3 



rie.jt 


F/G.4 


Figure ATo, 

1 22 Liquid blood ration 

2 2 J 9 I Milk ration (average) 

3 223 Clover infusion ration 

i 2 I Purdue Calf Meal ration (average) 
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The circles represent the total nitrogen intake, and each sector 
shows nitrogen retained, excreted in feces and urine. 

These figures together with the gain in weight per gram of 
nitrogen intake represent the efficiency of Purdue Calf Meal 
as a feed for yo\mg calves. 

Summary of experiment II 

I. The following is the average daily gain in poimds for the 
two calves fed Purdue Calf Meal. 

pound* 

Calf 1 0.96 

Calf2 0.84 

II. The following per cent of nitrogen fed was retained. 

poreont 

Calf 1 37.08 

Calf 2 41.20 

III. Of the intake nitrogen the excreted nitrogen was dis- 
tributed as follows : 

per cent 

Calf 1, in urine 27.6 

Calf 1, in feces 36.6 

Calf 2, in urine 26.1 

Calf 2, in feces 32.7 

IV. The average daily nitrogen intake for the calves was as 
follows: 

grame 

Calfl 62.92 

Calf 2 62.94 

V. Average daily gain in body weight per gram of nitrogen 
intake. 

Calfl 8.2 

Calf 2 8.1 

VI. Average daily gain in body weight per gram of nitrogen 
retained. 

Calf 1 22.2 

Crif2 19.0 
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A Group of Calves Fed Purdue Calf Me\l 



One of The Experimental CUl\es Fed Purdue Calf AIeal, 
Age 5 Months 
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EXPERIMENT IIl^^ 

Introduction 

To follow on our experiments for the jiast several years in 
feeding young calves in crates different mixtures of feeds, and 
because of the comparatively uniform results of the feeding of 
l)lood meal, we were led to try this prepared calf feed with a 
large number of calves. It is evident that crate feeding can 
not give the same results as wheui calves are fed in stalls or wluin 
(‘onditions are more favorable for development and w(^ll-being 
of animals. In crate feeding the calves are deprived of two of 
the essentials of life, exercise and freedom. In order to test tin' 
efficiency of any mixed feed and draw conclusions as to its relative' 
value, if it is to become a commercial product, it must be fed to 
a larger number of animals having more natural environments, 
su(*h as out door exercise and pasture'. 

Purpose 

Frenn the practical feeeler’s pe)int e)f view, it seemeMl highly 
elesirable to know the deve‘le)pmemt anel we'll-being of the animals 
e)f this experimental fe>eding after the earlier stages or e*ri1ical 
perioel erf the yemng animars life. To test the e^fficioncy of this 
feeel after the first seventy to seventy-four elays’ feeeling, the 
feeding was continued seventy to seventy-seven days longer, 
making a terfal erf one hundred and fe)rty te) e)ne hunelreHl and 
fifty-e)ne days. To cemipare the efficiency of Purdue Calf Meal 
with that of other feeds, two lejts of calves of appre)ximate'ly 
like age, weight and general conditiem were fed on milk, oive 
lot on skim milk and one lerf on whole milk. It was also our 
purpose to test the performance erf the three lots erf calves after 
the expiration of the secemd fee^ding period when they were put 
on blue grass pasture. The three lots erf calves eiuring this 

^ Acknowledgment is due to Prof. f). E. Heed, chief of the dairy department, 
for his interest in these experiments and for the extra means and privileges which 
made the third feeding experiment possible. Also to Swift and Cknnpany of 
(Chicago, Illinois, for their kindness in preparing the calf meal especially for us 
as used in our last feeding experiment. 
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period had the same natural advantages. The pasturing was 
to be continued until the calves were one year old. 

Preparation of feed 

Owing to the larger number of calves fed in this experiment 
and the limited facilities in the laboratory, the calf meal was 
manufactured by Swift and Company in quantities sufficient 
to complete, the experiment. The same proportions of com meal 
8 parts, oil meal 1 part and liquid blood 12 parts were used; 
in addition 1 per cent of bone meal was added, the drying was 
done at a temperature as near as possible to that of our previous 
feeding experiment, when the calf meal was made in the labora- 
tory. After drying, the meal was ground to pass a 30 to40 mesh 
sieve. 

Number of calves used in the following experimental feeding 

Thirty-six grade Holstein calves were purchased from the 
stock yards at Chicago for use in this experiment. These calves 
ranged in age from ten to twenty days as far as could be deter- 
mined. They were remarkably uniform in vigor and general 
appearance, weighing from 85 to 126 pounds. The thirty-six 
calves were divided into three lots. Lot I and II received whole 
milk and skim milk respectively, lot III received Purdue Calf 
Meal. The total weight of each lot of 12 calves was: Lot I, 
1205; lot II, 1180; and lot III, 1201 pounds. 

Feeding and stabling 

Feeding. Each calf was taught to drink from a pail on arriving 
from the stock yards. They were all fed on whole milk for ten 
days. Lot II was gradually changed to skim milk. Lot III 
was changed to Purdue Calf Meal by gradually increasing the 
quantity of Calf Meal. Ten days were taken to make the change 
from whole milk to skim milk and calf meal. Lots I and II fed 
on whole milk and skim milk, received milk in proportion to their 
live wdght, 10 pounds of milk daily per lOO'poimds weight. 
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This ratio was continued until calves weighed 200 pounds and 
were receiving 20 pounds of milk. No increase in the quantity 
of milk fed was made after the calf weighed 200 pounds. Lot 
III fed on calf meal, received a definite quantity of meal per 
day based on proportionate amount of nitrogen contained in 
milk and this was continued throughout the feeding period. All 
calves were fed a grain ration composed of equal parts of ground 
com and oats. The ground grain was weighed for each lot of 
calves daily and a record kept of the amount eaten. The calves 
had access to good clover hay which was supplied in sufficient 
quantity to meet their wants and was not wasted. They were 
watered at regular intervals. 

Method of feeding calf meal 

vSeveral preliminary trials were made concerning the quantitj’’ 
of calf meal which a young calf could eat without causing digestive 
disturbance, scours and consequent failure to eat. 

The first trial of feeding the required amount to a lot of calves 
was based on the nitrogen content of the milk fed. Knowing 
the percentage of nitrogen in milk and that of the feed, a nitrogen 
equivalent of the feed can be calculated corresponding to the 
quantity of milk. In our first trial the digestibility of milk and 
meal was taken into consideration, and a proportionately large 
quantity of meal was fed. We soon realized that the calves were 
over-fed. They were all subject to scours and indigestion which 
was manifested by the condition of the feces and their refusal 
to eat. On reducing the quantity fed to a much smaller amount 
they soon regained their normal condition. In our next trial 
of feeding the meal the amoimt fed was based on the nitrogen 
equivalent of milk. 

The calculations were based on the percentage of nitrogen in 
milk at 0.5 per cent and that nitrogen of Purdue Calf Meal at 
5.0 per cent. The milk-fed calves received 10 poimds of milk 
daily for each hundred pounds of live weight or 120 pounds of 
milk for twelve calves weighing 100 pounds each (or per lot of 
total weight of 1200 pounds live waght). 
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120.0 pounds of milk (N. O. 5 per cent) = 280 grams of nitrogen 
12 . 1 pounds of Purdue Calf Meal »= 275 grams of nitrogen 

This proportion of calf meal was fed with a decided improve- 
ment. For very young calves it was found to be too much, 
causing scouring among the weaker calves but no apparent 
indigestion was shown by the appearance of the feces. 

Another feeding trial was made, reducing the quantity of the 
meal so that the nitrogen from this source was 80 per cent of 
that contained in the milk. Feeding this proportion of calf 
meal, that is 9.6 pounds of meal to 120 pounds of milk proved 
to be the safe and correct amount to feed. 

This quantity, 9.6 pounds of calf meal to 1200 pounds of live 
weight, was fed to lot III during the feeding period. We believe 
this proportion can be safely increased to 90 per cent of that 
of milk nitrogen after the calf has reached the age of ninety or 
one hundred days. Much will depend on the breed and indi- 
vidual vigor of the calves. The feeder must be the final judge. 
A safe criterion concerning the feeding is the physical condition 
of the feces when compared with the feces of a normal milk-fed 
calf. The above quantity, 9.6 pounds of calf meal, is the maxi- 
mum quantity which we were able to feed during the feeding 
period. 

Preparation of feed and quantity of calf meal used for feeding 

If the total weight of a lot of calves is known, it is a simple 
matter to calculate the amoimt of meal required for the lot. 
To feed each calf its proper proportion based on its weight, the 
weight of each calf must be known. To prepare the calf meal 
for feeding, the meal is weighed and placed into a container of 
sufficient capacity to hold the mixture when properly diluted. 
To the meal in the container about four times its weight of warm 
water at 160° to 180°F. is added and well mixed. This is left 
standing for one to two hours and then diluted to a consistency 
for the calves to drink. The feed is prepared twice daily and 
fed at blood heat, about 98° to 99°F. 
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When feeding a lot of calves the diluted calf meal, the weight 
of each calf must be taken into consideration to properly ap- 
portion the feed on the basis of live weight. It is convenient 
to dilute the mixture to a total weight which is divisible by the 
number of calves. In our feeding where 12 calves were fed, the 
lot weighing 1200 pounds, 4.8 pounds of calf meal was prepared 
as previously directed and diluted to 48 pounds per feed. This 
would require 4 pounds of the diluted feed to each 100 pounds 
of live weight. 


Table showing the quantity of the liquid prepared feed fed to a lot of IB calves 


NUMBER OF C^LF 

WEIGHT OF CALF 

POUNDS OP PREPARED FEED AT BACH PEED 

1 

85 

0 85 X 4 - 3 40 

2 

88 

0.88X4 -3 52 

3 

126 

1.26X4- 5.04 

4 

93 

0.93X4-3.72 

5 

96 

0 96 X 4 = 3.84 

6 ' 

123 

1.23 X 4 - 4 92 

7 

100 

1.00 X 4 = 4 00 

8 

100 

1.00X4 = 4.00 

9 

114 

1.14X4 = 4.56 

10 

95 

0 95 X 4 = 3.80 

11 

! 87 

0 87 X 4 = 3 48 

12 

94 

0 94 X 4 = 3.76 


Total weight, 1201; weight of feed fed, 48.04. 


When the total weight of the lot of calves reaches 1400 pounds 
it would require 0.8 pound more of the meal per feed for the twelve 
calves and the liquid mixture made up to 56 pounds. Again 
multiply the weight of each calf at this weighing, expressed in 
himdredths, by 4; this will give the required amoimt of liquid 
feed to feed each calf. The above mentioned dilution and pro- 
portioning has proved successful in our feeding experiments. 
It must not be inferred that the rate of dilution must be strictly 
adhered to. Each feeder must be guided by the behavior of the 
calves; for some calves, or at different periods of feeding, the 
consistency of the liquid calf feed would require to be changed. 
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Weighing 

The calves of these lots were weighed at intervals of seven 
days. The weighings were made at about the same time each 
weigh day. This was always done in the forenoon after the 
morning feeding. 

Pasture 

All calves had access to blue grass pasture in season when 
weather permitted them to be turned out. They also had access 
to clover hay when out in the open. The hay was placed in an 
open rack sufficiently large to accommodate all calves without 
crowding. 

Discussion of experiment III 

In this experiment we endeavored to show the efficiency of 
Purdue Calf Meal when fed to a larger number of calves, elimi- 
nating individual peculiarities to a much greater extent. In the 
absence of a chemical analysis of the excreta only a comparison 
of the nitrogen intake and gain in body weight can be made 
which was deemed sufficient for the purpose of this experiment. 

In summary III it will be seen that the average daily nitrogen 
intake for the three lots of calves was rather uniform. During 
the first feeding period the grams of nitrogen intake were for 
lots I, II, III, 52.1, 54.7 and 52.5.’ For the second period the 
nitrogen intake was for lots I, II and III, 85.4, 90.3, and 94.3 
grams daily. 

If we compare the gain in body weight per gram of nitrogen 
intake from the different sources, -we find the average daily gain 
in weight for the entire feeding period to be as follows : 

Grams dady gain 


Whole milk ration 13.6 

Skim milk ration 11.0 

Purdue Calf Meal 7.3 


’ By nitrogen intake we mean the nitrogen derived from the milk, calf meal 
and mash. Clover hay was fed to all lots, but no record kept and may be con- 
sidered a constant. 
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It will be noted that the skim milk and calf meal ration pro- 
duced a gain in weight per gram of nitrogen in this experiment 
approximately the same as in our previous experiments. 

During this feeding experiment the calves fed Purdue Calf 
Meal received less than 80 per cent as much nitrogen from the 
calf meal as the milk fed calves received from milk. The balance 
of the nitrogen intake was derived from the mash. The effect 
of the nitrogen derived from mash in the growth of the calf 
is shown by comparing the gain in weight of the three lots during 
the first and second period. During the earlier stages of feeding, 
the proteins derived from the mash were not utilized for growth 
as during the second period of feeding. 

The three lots of calves, fed whole milk, skim milk, and calf 
meal received the following average daily quantity of nitrogen 
from these sources. 

Period I 

Lot I Lot U Lot III 

34 9 grams of nitrogen 35 5 grams of nitrogen 19.3 grams of nitrogen 

Period II 

45.0 grams of nitrogen 46.1 grams of nitrogen 35.2 grams of nitrogen 

If we base the gain in body weight on the nitrogen obtained 
from whole milk, skim milk and calf meal, we find a close rela- 
tion of gain in weight for the three lots of calves. 

Averctge daily gain in weight per gram of nitrogen 
Period I 

Lot I Lot II Lot III 

Whole milk, 22.3 grams Skim milk, 18.0 grams Calf meal, 19.4 grams 

PeHod II 

Whole milk, 22.9 grams Skim milk, 20.7 grams Calf meal, 20.0 grams 

From the above figm%s it seems that in all Lots the proteins 
derived from animal origin, that is, milk and blood, are the 
principal factors in promoting growth and approximately equal 
in efficiency gram for gram. The nitrogen derived from the 
mash must have been utilized to a certain extent in the pro- 
duction of growth but not in proportion to the quantity 
consumed. 
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The energy required to digest proteins and carbohydrates 
from grains must be taken into consideration in feeding young 
calves. This is an important factor especially where the energy 
required to transform the food into an assimilative condition 
may nearly equal that required for maintenance. This is shown 
in feeding of the calf meal during the first and second periods. 
During the first period of 70. days the calves made an average 
daily gain of only .83 pounds, and in the second period an average 
daily gain of 1.53 pounds. This emphasizes the ability of the 
calves to utilize the feed much more efficiently in the second 
period after the calves reached the age of eighty to ninety days 
than in the first period. This was further emphasized during 
pasturing after the experimental feeding, when the calves from 
the three lots made the same average daily gain during the six 
months when on pasture. 

Sxmimary of experiment III 

The following represents the average daily gain in weight for 
the three feeds, whole milk, skim milk and Purdue Calf Meal. 


I. Gain during first period: 

pounds 

Whole milk ration (Lot I) 1.72 

Skim milk ration (Lot II) 1.41 

Purdue Calf Meal ration (Lot III) 0 83 

II. Gain during second period : 

pounds 

Whole milk ration (Lot I) 2 20 

Skim milk ration (Lot II) 2 06 

Purdue Calf Meal ration (Lot III) 1 53 


III. Average daily grams of nitrogen consumed during first 
feeding period: 

grams 


Whole milk ration (Lot I) . . . . 52.1 

Skim milk ration (Lot II) 54 7 

Purdue Calf Meal ration (Lot III) 52.5 


IV. Average daily grams of nitrogen consumed during second 
feeding period: 
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grama 

Whole milk ration (Lot I) 85.4 

Skim milk ration (Lot II) 90.3 

Purdue Calf Meal ration (Lot III) 94.6 

V. Average daily gain in body weight per gram of nitrogen 
consumed: 

First period 

grama 

Whole milk ration (Lot I) 14.9 

Skim milk ration (Lot II) 11.7 

Purdue Calf Meal ration (Lot III) 7.2 

VI. Average daily gain in body weight per gram of nitrogen 
consumed: 

Second period 

grama 

Whole milk ration (Lot I) 12.1 

Skim milk ration (Lot II) 10.3 

Purdue Calf Meal ration (Lot III) 7 4 

VII. Average daily gain in body weight for the entire feeding: 

pounda days 

Whole milk ration 1.91 140 

Skim milk ration 1.73 140 

Purdue Calf Meal ration 1 18 151 

VIII. Gain in weight of the different lots when put on pasture : 
After the 140 days feeding, the calves were put on blue grass 

pasture, and during the six months the following average daily 
gains were made by each calf of the different lots. 

pounda 

Whole milk ration (Lot I) 1.16 

Skim milk ration (Lot II) 1.24 

Purdue Calf Meal ration (Lot III) 1.18 

4 

IX. At the age of eighteen months the average weight per 
calf was for: 

pounda 

Whole milk ration (Lot I) 682 

Skim milk ration (Lot II) 594 

Purdue Calf Meal ration (Lot III) 476 

The difference in weight of the calves fed calf meal and milk 
occurred principally during the first period of seventy to ninety 
days. 



MILK SUBSTITUTES IN CALF FEEDING 


339 


SUMMARY 

1. Beef blood when combined with corn and oil meal in pro- 
portion of 8 parts com meal, 1 part oil meal and 12 parts beef 
blood furnishes a reasonably successful milk substitute for 
feeding young calves. 

2. The development of the calves when on pasture indicates 
that the feeding of Purdue Calf meal seems not to have impaired 
or stunted the growth impetus, as the gain in weight of calves 
fed Purdue Calf Meal was equal to the gain in weight of the 
milk fed calves while on pasture. 



THE WATER BUFFALO AS A DAIRY ANIMAL 

C. O. LEVINE 

Canton Christian College, Canton, China 
HISTORY OF THE WATER BUFFALO 

The original home of the water buffalo (Bubalus bubalis Lyd.), 
is not definitely known. However, credit for the first domesti- 
cation of this class of bovine is probably due to the people of 
northern India where today the undomesticated form still exists, 
although in small numbers. 

At an early date, the water buffalo was domesticated and had 
reached what is now southern and southwestern China. Chinese 
literature refers to it as having been used as a dr^ft animal and 
as a source of beef for centuries by the farmers of southern China! 

DISTRIBUTION TODAY 

Today the water buffalo, as a domesticated animal, is common 
in practically all of India, Siam, Straits Settlements, Indo-China, 
China as far north as two hundred miles north of Shanghai, the 
Philippine and Hawaiian Islands, and other islands of the Pacific 
Ocean. From the Hawaiian group, they jumped across to Brazil 
in South America. At an early date, as early as 600 A.D., 
according to some writers, they reached southern Europe, where 
today, in Italy, they may be found plowing the small fields for 
the Neapolitan farmers. No attempt has ever been made to 
introduce them to the United States. Great numbers are kept 
on the bottom land of the Danube, the Theiss, and the Drave 
in Austria-Hungary, and in Italy on the plains lying to the north 
and east of Naples. Indian dairy breeds have been introduced 
to Trinidad, where they are used as draft animals and are both 
worked and milked by Hindu coolies. 
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Wild buffaloes are still to be found in India, in the grassy 
jungles along the large rivers of that land, and in the open marshy 
prairies, the finest specimens being in Assam and Burma, and 
in the Straits Settlements, Java, Ceylon, Sumatra and Borneo 
(1). A wild form, different from the Asiatic species, exists in 
parts of Africa. The African species is exceedingly dangerous 
and has never been tamed. 

GENERAL DESCRIPTION OF THE WATER BUFFALO 
« 

When compared in size with other classes of animals in the 
bovine group, the water buffalo is a relatively large animal. 
The average size for mature animals of the beef-draft type, which 
is the type common in China and in the Islands of the Pacific, 
is between 800 and 1400 pounds. In height, they vary from 46 
to 50 inches at the withers. The dairy breeds of northern and 
central India, especially those in the region of Delhi in the Bom- 
bay presidency, is much larger in size (2). A herd of thirty 
cows of this breed in Kowloon, near Victoria, Hongkong, which 
were studied by the writer in 1918, varied in height from 56 to 
60 inches at the withers. The w^eight of this breed is considerably 
more than that of the beef-draft type common in China. Ani- 
mals in ordinary flesh, in which condition there is no superfluous 
fat on the body, weigh from 1500 to 2000 pounds. Other minor 
dairy breeds of India are the Jafferabad, from the west, and 
Deccani and Nagpur breeds from the central part of India (2). 

In color, the water buffalo is a dark grey, or almost black, with 
now and then white markings on their face and legs. Pure white 
albinos are now and then seen, especially in parts of Tonkin 
province in southwestern China, where they are in special favor 
because of their supposed immunity to rinderpest. 

The skin of the water buffalo, like that of the pig, has practi- 
cally no sweat glands, and, for this reason, the buffalo likes to 
wallow in mud or water on a hot day, and thereby it gets its 
name, ^Vater buffalo.^' There are also apparently no oil glands 
in the skin of the buffalo. The mature animal has very little 
hair on its body. The sides, back, and thighs of the animal are 
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practically bare. The- shoulders and knees have the most hair, 
where it is about 2 to 3 inches long, and very thin. The buffalo 
calves are born with a rather heavy coat of long, brown hair 
all over the body, which gradually disappears after one year of 
age is reached. The horns of the buffalo are characteristic, al- 
though they vary in size and shape, with different breeds. In 
general, those of the beef-draft type are long, thick and somewhat 
triangular at the base, fairly sharp at the tip, with distinct 
grooves on the upper surface. They are directed out, back and 
somewhat upward from the head, and curve inward at the tips. 
The length of the horns, measured on the outside of the curve, 
is usually about 2 feet, although they may vary from 12 inches 
to 4 feet or more. The movements of the water buffalo are 
rather .slow and unwieldy, similar to that of the elephant; in 
fact, a casual view of a moving herd of buffalos suggests a roving 
band of elephants. 

The udders of both the beef-draft types of China and dairy 
breeds of India are rather small, but well shaped, with well 
developed teats. The beef-draft animals have a wide back and 
loin, with short legs and a large barrel. The body, as a rule, is 
short and compact, and w'eU-built for draft purposes. The 
croup is decidedly sloping. They fatten readily, and buffalo 
beef from young animals is similar to that of the Bos taurus or 
Bos Indicus, although it is darker in color. 

There are a number of striking differences in the Delhi dairy 
breed of buffalo from India, and the beef-draft type mentioned 
above. The horns of the Delhi breed rise from the head in an 
upward and backward direction, and then curl over the head 
like the horns of a ram, and, for this reason, in the Philippine 
Islands they are called “ram’s horn” buffalos. The body is 
lean and angular. The teats are well placed and of rather large 
size, usually somewhat constricted at their attachment to the 
udder. They have a very large frontal bone in the head, and 
small, wall eyes. Although rather fierce looking on account of 
their large horns, prominent forehead and glassy eyes, the Delhi 
buffalo are very docile and easily managed, by Europeans as well 
as by Indians. The beef-draft type of southern China, on the 
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other hand, while easily managed by the natives of that land, 
dislike strangers, especially Europeans, who find it difficult to 
manage. 

The gestation period of the water buffalo varies from ten to 
eleven months. The calves generally weigh from 60 to 80 pounds 
at birth. 


USES OF THE WATER BUFFALO 

The principal use of the water buffalo in China and the Pacific 
Islands is for draft purposes. Surplus animals, or animals too 
old for good use in the fields are fattened and slaughtered for 
beef. 

They possess great strength, although they are not fast in 
getting over the ground when compared with draft horses. It 
was found by Gandencio Evaristo (3) at Los Banos, Philippine 
Islands, that, in fairly light soil, and on a rainy or cloudy day, a 
buffalo could plow 5000 to 7000 square meters a day. 

For uplands, where water is not available close at hand, the 
buffalo is of little use, except where work is limited to the early 
morning or late afternoon. This is because it is unable to stand 
the heat of midday without being kept constantly cooled with 
water on its body surface. 

In India, where the religion of the natives largely prohibits 
the use of the flesh of an im als for food, the buffalo is used for 
draft and dairy purposes only. When used for draft purposes, 
they are used singly, single-tandem, or two are yoked together 
and driven in the way which oxen are generally used. As a 
rule, in China only one buffalo is used on a plow. The plows 
cut a furrow slice from six to eight inches wide and two to five 
deep. 

THE CHINESE DRAFT WATER BUFFALO AS A POSSIBLE DAIRY 

ANIMAL 

No daily breed of water buffalos has yet been developed in 
China. This is probably largely due to the fact that, until the 
advent of the Europeans in China, the Chinese did not consider 
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milk from cattle fit for human food. It is strange that this 
opinion should have so generally prevailed, for the Tabetans on 
the west and the Mongohans on the north have, from time im- 
memorial, been users of dairy products in the form of milk, 
butter and cheese, made from cow’s, goat’s, yack’s or mare’s 
milk . It is only during the present generation that the Chinese 
have begun to use milk to any extent, and its use today is con- 
fined chiefly to the regions where the Chinese have come in con- 
tact with Europeans and western methods. 

The fact that the milk of the Chinese buffalo cow is very rich 
in fat, and palatable, has been known in a general way for many 
years, but it is only some fifteen years ago that the first water 
buffalo dairy was started in Canton. 

STtTDT OF THE WATEB BUFFALO AT CANTON CHRISTIAN COLLEGE 

From the fall of 1916 to the summer of 1919, considerable 
data in regard to the Chinese water buffalo as a dairy animal 
was collected by the writer while on the agricultural staff of 
the Canton Christian College, Canton, China. Some of this 
data has been published in various journals and bulletins (4). 

EXPLANATION OF MILK ANALYSES AND RECORDS 

The following tables give the analysis of milk and production 
records of cows for which we have records for entire lactation 
periods. 

Butter fat analyses were made twice a month with a Babcock 
centrifugal tester. The morning and evening milk was tested 
separately. The averages of the two tests was taken as the 
average test for the month. The milk for twenty-four hours 
was weighed twice a month. The average amount of milk for 
the two weighings was taken as the average daily production 
for the month. 

The total solids (consisting of the fat, sugar, proteids, and ash) 
were foimd by evaporating a weighed sample of milk in a steam 
bath until the weight became constant. The ash was deter- 
mined by heating in a crucible over a gas flame until the wei^t 
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became constant. The proteids were determined by the Kjeldahl 
method as described by Hawk in his Practical Physiological 
Chemistry, fourth edition, pages 410 and 483. The sugar was 
found by subtracting the sum of the ash, proteids and fat from 
the total solids. The percentages in each case were found by 
dividing the weight of the final product by the weight of the 
sample of milk analyzed. 

Analysis and records of buffalo milk are all with cows in the 
college dairy. 

The buffalo cows were fed a grain ration consisting of two 
pounds wheat bran and one pound rice chop. Each cow was 
fed about a pound of this mixed feed a day for each pound of 
milk given daily. The rice was fed cooked. The grain was 
fed separately to each cow twice a day. About ounces of 
salt was fed daily to the cows. The salt was mixed with the 
grain. About 40 pounds of water was mixed with the rice chop 
and bran at each feeding, making a very wet feed, the cows 
drinking it down rather than eating it. (This is the usual 
method of feeding grain to cattle in China.) The cows were 
fed all they could consume four times a day of a mixture of green 
cut grass, ■w'hich amounted to from 40 to 80 pounds a day per 
cow. 

Table 1 brings out a number of important facts about the 
milking quaUties of the water buffalo in China. The average 
percentage of fat for the six cows for which records throughout 
a lactation period are available, was 11.25. The average amount 
of milk produced was 2293.3 pounds and the average amount 
of fat was 250.85 pounds, the highest being 326.31 pounds for 
cow 54. Another unportant fact brought out in these records, 
as shown in table 1, is the long lactation periods of the buffalo. 
As a rule, the cows in the college herd w'ere milked for from 
eight to twelve months, depending on how soon after freshening 
they were bred. They are usually bred three months after 
freshening. When fresh, they give from 5 to 15 pounds a day, 
which diminishes very gradually throughout the long lactation 
period. 
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The production capacity of the cows in this experiment is 
striking when we consider the fact that the ten cows used were 
ordinary village cows of the beef-draft type, whose ancestors 
had never been used for dairy purposes. 

TABLE 1 


Analysis of milk; length of lactation period^ amount of milk, amount of fat, and per-- 
centage of fat of the Chinese water buffalo milk 


COW NUMBER 

LBNOTH or LACTA- 
TIOR PERIOD 

TOTAL AMOUNT 
or MILK 

TOTAL AMOUNT 
or PAT 

AVERAOE PER* 
CENTAGE or PAT 


dayt 

poundB 

pounds 


61 


2863.4 

278.22 

9.81 

53 

277 

1909.0 

211.93 


54 

365 


326.31 

12.33 

55 

253 

1871 5 

227.38 

12.15 

60 

273 

1849.0 


11.02 

63 

325 

2322.4 

257 60 



TABLE 2 


Complete analyses of buffalo milk: The samples analysed were herd samples taken 
from twelve cows in the college dairy in November, 1917. The milking in the 
morning was begun at four, and in the afternoon at two o^ clock 


SAMPLE NUMBER 

FAT 

ABH 

PROTEIN 

SUGAR 

TOTAL 

SOLIDS 

WATER 


per cent 

j}er cent 

per cent 

per cent 

per cent 

per cent 

1. Morning milk 

11.00 

0.94 


4.00 

21 98 

77.02 

2. Afternoon milk 

12.80 



3 57 

23.37 

76.65 

3. Afternoon milk 

13.00 

0.71 

5.71 

3 32 

22.74 

76.98 

4. Afternoon milk 

13 63 

0.74 

5.94 

3.57 

23.92 


6. Afternoon milk 

12 10 


6.14 

3.83 

22.87 


6. Afternoon milk 

14.00 

0.92 

6.42 

3.87 

26.21 

74.79 

7* Morning milk 

11.50 

0.95 

5.80 


21 95 

77.05 

8. Morning milk 

12.00 

0 94 


3.60 

22.64 

77.46 

9. Morning milk 

12 34 


6.28 

3.71 

23.10 

76 63 

10. Morning milk 

12.20 



4 23 

23.02 

76.08 

Averages 

12.46 

0.89 

6.03 

3.74 

23.29 

76.89 


As seen by table 2, the milk contains a great deal mote proteids, 
sugar, somewhat more ash, and nearly twice as much solids as 
does European cow’s milk. 
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ANALYSIS AND PRODUCTION OP THE DELHI (INDIAN) DAIRY 

BUFFALOS 

In the region of Hongkong, there are a number of Delhi dairy 
water buffalo herds owned and managed by Indians. Dr. Adam 
Gibson, the Colonial Veterinarian, of Hongkong, who is also 
milk inspector for that territory, has informed the writer that 
the per cent of fat in the milk of this breed is similar to that of 
the Chinese water buffalo. According to British authorities in 
India, this breed in India commonly gives from 30 to 50 pounds 
of milk a day (3). 

In January, 1919, the wTiter visited an Indian water buffalo 
dairy in Kowloon, which at that time had a total of twenty 
cows giving milk. The average production for the twenty cows 
was 15 pounds. Some of the cows had recently freshened, while 
others were in the seventh and eighth month of the lactation 
period. The feed at that time consisted of dry rice straw for 
roughness, and for concentrates they received a small amount 
of cooked rice chop and wheat bran. The cows were crowded 
into a dark, damp, poorly ventilated and dirty bam. With 
proper care, and the addition of succulent feed in the ration, 
the production of this herd could no doubt easily be doubled. 

CHARACTERISTICS OF THE BUFFALO MILK OTHER THAN THAT 
SHOWN BY ANALYSES 

Water buffalo milk is pure white in color. Butter made 
from the milk is also pure white. It is wholesome and very 
palatable when produced under sanitary conditions. Students 
and teachers (both European and Chinese) at the Canton Chris- 
tain College prefer water buffalo to European cow’s milk. On 
account of it having a high per cent of solids, it has a richer 
flavor, and European cow’s m ilk seems thin and watery after 
drinking buffalo milk. 
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DISEASES OF THE WATER BUFFALO 

Among water buffalos, as well as among the cattle of the Orient, 
probably the most common disease is a contagious disease known 
as rinderpest. The disease is somewhat like the chronic form 
of hog cholera, in that it is usually accompanied with fever and 
causes lesions in the inner lining of the intestines, but it is not 
as fatal as is cholera among hogs. Fortunately, a method of 
immunizing with anti-rinderpest serum has been worked out by 
veterinarians in the Bureau of Agriculture of the Philippines 
which is now being successfully applied in most parts of the 
Philippines, and used to some extent in India and Hongkong. 

Tick fever, commonly known in the United States as Texas 
fever, after the region in which it is most common in the United 
States, is prevalent in South China. The disease is fatal to cattle 
imported from tick-free regions. Fortunately ticks do not travel 
far and breed only in grassy places. European cattle, in southern 
China, are usually kept in barns and in dry lots and suffer very 
little from the tick. The tick fever seems to have little or no 
effect on the water buffalos. They are apparently very highly 
resistant to the disease. 


TUBERCULOSIS 

According to Dr. Heanley of the Hongkong Bacteriological 
and Vaccine Laboratory, tuberculosis has never been found 
among the buffalo of south China, and in thirteen years’ inspec- 
tion of animals and carcasses in the Hongkong government 
slaughter house, where all animals slaughtered for food are 
inspected by government inspectors, only two cases in the 
humped cattle have come to notice. Both cases were bullocks. 
The disease is as common among European cattle as it is in 
America. Dr. Gibson, who has inspected the carcasses of buffalos 
slaughtered in Hongkong for the past thirteen years, at the rate 
of several hundred per week, confirms Dr. Heanley’s report in 
stating that he has never seen tuberculosis lesions in the water 
buffalo. 
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Dr. M. Prettner, made a careful study of the resisting power 
of the water buffalo against experimental tuberculosis (5). Only 
when he injected tubercular mateznal a number of times in the 
same buffalo, in amounts many times that required to induce 
tuberculosis in a cow or goat, could he produce the disease in 
the buffalo. In fact, even then, upon post-mortem, it was found 
that the organisms were found only in an inflamed area aroimd 
the point of insertion of the tubercular material. The buffalos 
also had to be kept in an underfed and run-down condition in 
order to produce this slight infection. He reports that among 
five thousand buffalos slaughtered for meat, no case of tuber- 
culosis was observed. 

THE BUFFALO COMPARED WITH THE EUROPEAN COW AS A DAIRY 

ANIMAL 

There are a number of commendable features in the use of 
the buffalo cow as a dairy animal. The amount of butter fat 
in milk in the better buffalo cows of China (see production tables) 
is not insignificant w'hen we consider that there has been no 
breeding for production. Ordinary cows give more than two 
thousand pounds of milk and 150 to 300 or more pounds of fat 
a year. The “ram’s horn” buffalo from India rank with the best 
breeds of modem dairy cattle, both in production of milk and 
total butter fat. The fact that the buffalo has no sweat or oil 
glands in the skin makes it an easy animal to keep clean. The 
scant hair on the body affords a poor hiding place for lice, and 
they can be easily detected and gotten rid of. The absence of 
tuberculosis among buffalos, and their resistance to the tick fever 
adds to their value as dairy cows. It is the writer’s opinion 
that in regions where the water buffalo is thriving, the breeding 
of the native buffalo for production, and the importation of 
Indian dairy buffalos should be encouraged in every way possible, 
rather than encourage the importation and breeding of European 
cows, because of the danger from tuberculosis in the European 
cows. 
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OBJECTIONS TO THE BUFFALOS FOB DAIRY PURPOSES 

In China, one of the chief reasons why so few buffalo cows 
are used for dairy purposes is no doubt because of the fact that 
they give but little milk, and that, while it contains about three 
and one-half times as much fat, and nearly twice as much total 
solids as does European cow’s milk, it usually sells for the same 
price as the latter. However, as soon as the public knows the 
value of buffalo milk, it should command a much higher price 
than at present. Also the fact that cows which have not been 
especially bred for milk production, but simply selected from among 
ordinary buffalo herds, produce as much as 10 pounds of milk 
a day for several months, promises individuals giving a much 
larger amount of milk, with a few generations of selection and 
breeding for dairy purposes. 

In warm weather, buffalo cows need a bath twice a day in 
order to keep at their best. It is the custom for them to be 
driven for about one-half hour each day to canals or ponds, 
which are not always clean for this wetting. To overcome this 
objection, tanks might be constructed in which clean water could 
be kept for their bath, or they may be wet twice a day by pouring 
clean water over them with buckets or with a hose where water 
pressure can be secured. 

THE FUTURE OF THE BUFFALO IN DAIRYING 

In India the buffalo is the chief source of milk where it is not 
only competing with good native breeds of the “humped” variety, 
of cattle but also with modem breeds of European dairy cattle. 

There is a strong prejudice among Europeans in India against 
the use of buffalo milk because of the unsanitary methods under 
which it is frequently produced. In much of India, the buffalo 
is a scavenger, subsisting largely on not only the refuse of the 
kitchen, but also on horse dung, and even on human waste. 
Natiually the flavor of milk produced from such feed has an 
uninviting odor and flavor. With the education of the village 
farmers in better feeding methods, this condition will no doubt 
be improved. 
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It is the opinion of the writer that the water buffalo is bound 
to become an important dairy animal in the southern half of 
China as well as an important source of milk for the four hundred 
million people of that vast country. Unlike the Indians, the 
Chinese have not been users of milk in the past, but are rapidly 
taking to the use of this beverage through the example set by 
Europeans. With a few generations of intelligent selection and 
breeding among the beef-draft buffalo of China, there will be 
developed a dairy breed of high producing ability. The pos- 
sibility of this is shown at the Canton Christian College by the 
fact that with no breeding or selection cows from an ordinary 
village herd, whose ancestors had never been milked, gave two 
thousand and more pounds of milk containing as much as two 
hundred sixty pounds of fat in less than one year. 

The history of both the dairy and beef breeds of European 
cattle in most parts of the Philippine Islands has been little more 
than a keen disappointment and failure. The climate and dis- 
eases of most parts of the Islands are such that European cattle, 
as a rule, quickly succumb to diseases or degenerate from gener- 
ation to generation. Two years ago, the Philippine legislature 
appropriated a large sum of money for the improvement of live 
stock in the Island. Very little of this money was used for 
importing more European cattle, but on the other hand, 200,000 
pesos were set aside by the Bureau of Agriculture and the College 
of Agriculture for the importation of the Delhi dairy buffalos 
from northern India. 

It is difficult to prophesy as to the future of the buffalo in the 
United States, if it is to have a future in this countiy. There 
is no doubt but that the buffalo would thrive in most parts of 
the south as far north as the southern part of Oklahoma. Most 
regions further north would probably be too cold. The swamps 
and marshes of Florida, Louisiana, and Mississippi should be 
especially adapted to buffalo production. 

The fact that the buffalo is free from tuberculosis, as well as 
an excellent producer of milk and butter fat, may result in an 
attempt to introduce certain of the more distinct dairy breeds 
to the southern states. However, extreme care will need to be 
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used in preventing the introduction with the animals of diseases 
which have not yet found a footing in this country. Further 
study of the buffalo in its native land should be made in order 
to become better acquainted with its diseases and other problems 
connected with buffalo raising before the attempt to raise buffalos 
in America is made. 
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THE RELATIVE VALUE OF THE METHYLENE BLUE 
REDUCTION TEST, THE BROMTHYMOL BLUE TEST, 
AND THE BROMCRESOL PURPLE TEST IN DETER- 
MINING THE KEEPING QUALITY OF MILK» 

E. G. HASTINGS and AUDREY DAVENPORT 

Department of Agricultural Bacteriology, University of Wisconsin, Madison, 

Wisconsin 

The various factors that determine the quality of milk have 
been presented in papers published in previous numbers of this 
Journal (1) (2). In the latter paper it was suggested that the 
consumer is interested in the richness, safety, cleanliness, and 
sweetness of the supply. The healthfulness and keeping quality 
are dependent on the bacterial content of the milk. The extent 
to which foreign matter has been introduced into the milk is 
also reflected in some degree by its bacterial content. The 
bacterial flora of every sample of milk is very complex, for many 
kinds of organisms are introduced from varied sources. Those 
which are unable to grow in milk can be of no importance in 
influencing its keeping quality. The detection of these types, 
however, may be of value in judging the quality of the milk, 
since they give some indication as to the extent to which it has 
been contaminated with foreign matter. 

The forms that can grow in milk influence its keeping quality 
in varying degrees, the extent of which is determined by the 
temperature at which they grow most rapidly and by the nature 
of their by-products. If they are unable to grow at the temper- 
atures at which milk is handled commercially, they can have 
no influence on its keeping quality. Again, if the chief by- 
products of an organism are carbon dioxide and hydrogen, as is 
apparently the case with certain of the bacteria of the B. lactis 

* Published with the Permission of the Director of the Wisconsin Experiment 
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aerogenes group, the organism will be a minor factor in deter- 
mining keeping quality as compared to one that grows equally 
well in milk, and whose chief by-product is lactic acid. 

The by-products of different kinds of bacteria growing in milk 
may be of such a nature that they will neutralize each other, as 
for example alkali may be neutralized by the formation of acid. 
Again the various groups of bacteria react upon each other in 
different ways, some being retarded by the associated organisms, 
while others are favored, a relation generally referred to under 
the expression “associative action.” 

To obtain any idea of the effect of this complex of bacteria 
in influencing the keeping quality of milk is a task that can not 
be accomplished with any degree of completeness, no matter 
what method may be called into service. It seems to the writers 
that some have been unduly optimistic in regard to the methods 
they have suggested for the purpose of measuring the quality 
of milk, and in some instances they have not had in mind the 
various relations, briefly mentioned above, that may exist be- 
tween different bacteria and between their by-products in milk. 

The desirability of a method that will enable the analyst, 
within the shortest possible time and with the minimum of labor 
and expense, to place a number of samples of milk in the same 
order, with reference to keeping quality, as he would place them 
by a detailed examination of the milks after they have been kept 
for twenty-fom- hours at 50° or 60°F. is beyond question. In 
other words the method should enable the analyst to take into 
account all those points which the milk consumer uses in judging 
whether the milk delivered to him is to be graded as good or 
poor. Among these will be the development of acid, the occur- 
rence of abnormal odors and tastes in milk that is not acid to 
taste or smell, and the ease with which the milks curdle on 
heating. No one method can accomplish this. The problem 
is then to select from the various methods available the one that 
approximates the ideal most closely. The method must be 
applicable to both raw and pasteurized milk. The information 
it will supply may differ in value, this being dependent on the 
class of milk to which it is applied. These matters have been 
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considered more in detail in a previous article (3). To the 
methods there discussed should be added two that have been 
recently suggested (4) (5). The authors of the first of these 
papers state that it was hoped to find a way by which to measure 
the ability of the bacteria and enzymes present to bring about 
changes in milk which might make it unsuitable for the purpose 
for which intended, and which method would also take into ac- 
count the associative action of bacteria in milk, something other 
methods fail to do. The method suggested by these investi- 
gators involves the inoculation of plain broth containing brom- 
thymol blue, adjusted to a reaction of pH 7.0, with 0.1 cc. of 
milk to be examined and its subsequent incubation at 37®C. 
The rate of change of reaction in the broth is determined by 
reading its hydrogen ion concentration at definite times. It is 
at once evident that when a mixture of bacteria such as is present 
in milk, is seeded into a medium so different chemically and 
physically from milk as is plain nutrient broth the relations 
existing between the groups will not continue to be the same 
as they were in the milk at the time of the transfer or as they 
would have been in the milk at any moment in its future. The 
changes which the bacteria produce in broth are therefore not 
likely to be the same, or even to correlate in intensity with 
those which the same mixture of bacteria would cause in milk. 
The data presented in the paper are not especially convincing 
as to the value of the method in determining the keeping quality 
of milk. 

The method outlined in the second paper involves the ad- 
dition of an indicator, bromcresol purple, to the milk to be 
examined and noting the change in color after a period of incu- 
bation. The indicator in question reveals the gradual change 
in reaction of the milk as acid is formed by the bacteria. It 
is evident that the method measures primarily the acid-forming 
bacteria. Since these are the prime factors in determining the 
keeping quality of milk, it is quite possible that the results 
obtained may correlate weU with the keeping quality. The 
authors suggest the use of four stages or degrees of acidity: 
the first is indicated by the first observable change from the 
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grayish-blue noted in normal milk with this indicator to a lighter 
color in any part of the milk; the fourth sta^e is one in which 
the color of the mixture of milk and indicator becomes a yellow, 
free from every trace of bluish or greenish tinge. The curdling 
of the milk usually occurs at this last stage. The four stages 
therefore include perfectly sweet milk at one extreme and milk 
that is curdled at the other. The commercial life of milk is 
practically at an end when the increase in acidity amounts to a 
few hundredths of one per cent. The bacterial content of such 
milk is so high that its keeping quality, when stored at 18 to 20®C, 
is measured usually by a few hours. The method is not one by 
which milks, still commercially valuable, i.e., those in which no 
appreciable acidity has developed, can be differentiated into a 
number of groups. 

It may be asked whether either of these methods is as delicate, 
any more easily worked, or less expensive than some of the 
methods that have been in use for a considerable time. The 
methylene blue reduction test has been shown by one of the 
writers (3) to be an excellent way of determining the bacterial 
content of milk. From the data presented, the conclusion was 
drawn that it is as deUcate as the plate culture method, and 
possibly even more delicate. The reduction test has all the 
advantages of the methods suggested in the papers to which 
reference has been made. By its use the milks can be placed 
in many groups, the only limit being the differences in the milks, 
and the frequency with which they are examined during the 
period of incubation. If the milks are examined every fifteen 
minutes during the first four hours and at thirty minute intervals 
thereafter during a second period of four hours, they could be 
placed in twenty-four groups. Less frequent examination would 
result in the milks being thrown into a smaller number of groups. 

The reduction test apparently is influenced by all the bacteria 
that are growing in the milk at the temperature employed, since 
so far as is known all bacteria reduce methylene blue. It may 
be that even the living cells that are not reproducing exert an 
influence in this test. Some data have been obtained that would 
indicate this possibility. It is probable that the reduction test 
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reflects the interrelations of the various groups of bacteria on 
each other far more perfectly than does the method proposed 
by the Michigan workers, since the test is made in the milk in 
question and not by transferring a part of it to a medium which 
has different chemical and physical properties. The method 
proposed by the New York workers measures but one group of 
bacteria, the acid-formers. A method which measures the number 
of bacteria rather than their by-products should theoretically 
possess greater value in the examination of milk than a method 
which measures the by-products. From theoretical grounds the 
reduction test seems to approximate the ideal method more 
closely than does any other method. 

It is not intended to convey the idea that the reduction test 
is influenced to the same extent by all bacteria. It will be 
shown in a later paper that all the bacteria in the milk are con- 
cerned in bringing about the reduction of the methylene blue. 
Furthermore, the application of the test itself is not possessed 
of the difficulties and imcertainties of the other two methods, 
namely, that of detecting delicate color changes either with 
the aid of a comparator or with the eye alone. Memory for 
delicate distinctions in shades of a color may easily change from 
day to day while it is doubtful that there would be any hesitation 
in deciding between color and absence of color as is the case in 
the end point for the reduction of methylene blue. 

For the purpose of determining the relative value of the re- 
duction test as compared with the use of bromcresol purple in 
milk, and bromthymol blue in broth inoculated with milk, several 
comparative tests were made. Pure cultures of typical milk 
organisms were used, and by means of definite dilutions an 
approximate idea was had of the relative number of organisms 
present in the samples tested. The methods used and the results 
obtained for the several trials were so similar that only a few 
representative comparisons will be given. 
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EXPERIMENTAL 


One hundred and forty cubic centimeter portions of fresh 
whole milk which had been heated to 100°C. for a short time 
were inoculated separately with 1 cc. of an eighteen hour old 
milk culture of the organism to be tested. Several strains of 
B. coli and of B. lactis aerogenes, and a few cultures isolated 
from milk, two of which are numbered 20.2 and 44.10 were used. 
From each 140 cc. of inoculated milk, nine 15 cc. portions were 
measured out. The first 15 cc. portion of each culture was 
inoculated wdth 1.5 cc. of a freshly curdled culture of Bact. 
lactis acidi, and of this dilution 10 cc. w^as transferred to another 
15 cc., which method of dilution was continued until all nine 
of the 15 cc. portions of inoculated milk of the different scries 
had received diminishing amounts of the lactic culture. A set 
of the different dilutions of the lactic culture alone was made 
in uninoculated heated milk. Each series therefore included 
eight samples of milk, decreasing in bacterial content from the 
first to the last. In the set in which Bact. lactis acidi alone was 
present the dilution was as follows: 


Sample 1. 1 part of culture to 25 parts of milk 

Sample 2. 1 part of culture to 62 parts of milk 

Sample 3. 1 part of culture to 155 parts of milk 

Sample 4. 1 part of culture to 390 parts of milk 

Sample 5. 1 part of culture to 975 parts of milk 

Sample 6. 1 part of culture to 2,437 parts of milk 

Sample 7. 1 part of culture to 5,092 parts of milk 

Sample 8. 1 part of culture to 12,730 parts of milk 


In the sets in which Bact. lactis acidi was used with another 
organism, the inoculum of the latter was the same in each sample, 
while the lactic organism varied in number as described above. 
The result was a series of samples of milk of a gradually decreas- 
ing bacterial content. An accurate method of measuring the 
number of cells in the various samples in any set should place 
the samples in the order of their bacterial content. 

Methylene blue reduction tests, bromthymol blue broth tests, 
and brorncresol purple milk tests were riin on each dilution except 
the first. For the reduction test, 1 cc. of Merckxs methylene 
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blue (1:20^000) was added to 10 cc. of the inoculated milk and 
reduction was carried out in a water bath at 37°C. 

For the bromthymol blue test sterilized beef-peptone broth 
(pH of 7.0) to which had been added the indicator in the pro- 
portion of 4 drops of a 0.02 per cent solution to each 10 cc. of 
medium, was pipetted in 10 cc. portions into sterilized test tubes. 
One-tenth cubic centimeter of the milk to be tested was added 
direct to the broth and the tubes were incubated in a 37°C. water 
bath. Color controls were made by adding an cfiual amount 
of heated uninoculated milk to 10 cc. of the bromthymol blue 
broth, and changes in reaction were determined at the end of 
one and two hours incubation by comparing the inoculated tubes 
with the uninoculated for any variation in color. What is re- 
ported in table 1 as a slight change was not more than 0.1 in 
the pH scale of hydrogen ion values. 

The bromcresol purple test was made by adding 5 cc. of the 
milk dilutions of the cultures to sterilized tubes containing 0.05 
cc. of the indicator (1 part in 1000 parts of water). These were 
also incubated at 37®C. and readings were made at the end of 
one, two and twenty-four hour periods for any variation in 
color from that of the control. 

In table 1 the changes in bromthymol blue and bromcresol 
purple are recorded only after the two hour incubation, because 
most of the cultures in practically all of the dilutions showed 
no change at the end of one hour. These two indicators were 
not influenced by the number of bacteria except where this was 
very marked, as in the first dilutions, whereas the reduction time 
of methylene blue in all cases tended to vary directly according 
to the number of organisms present. WTien growth took place 
throughout the whole of a series of dilutions in broth, the change 
in reaction, as shown by the color of the indicator, was the same 
for all except usually the first dilution. No such gradation of 
milks, based on the number of bacteria present, as was obtained 
with methylene blue, ever resulted with the two indicators 
bromthymol blue and bromcresol purple. The bromcresol purple 
has shown in two hours time even less gradation than the brom- 
thymol blue, and when incubation was continued for twenty- 
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TABLE 1 

Comparison of the methylene blue reduction testy the bromthymol blue test, and the 
bromcresol purple test on milks inoculated with varying amounts of pure 

cultures 



SABIPX.B 

1 1 

2 1 3 

4 

5 

6 

7 1 8 

Bact. lactis acidi 


Methylene blue reduction 
time in minutes 

6 

30 

67 

117 

162 

222 

283 

358 

Bromthsrmol blue after 2 
hours at 37®C. 


+ 

+ 

+ 

+ 

+ 

+ 


Bromcresol purple after 2 
hours at 37®C. 


““ 


" 

' 

■ 

" 



Bact. lactis acidi and culture 20.2 


Methylene blue reduction 
time in minutes 


29 

62 

61 

71 

81 

90 

105 

Bromthymol blue after 2 
hours at 37®C. 


+++ 

+++ 

4*++ 

..j — |--f. 

H — h4- 

-hH — h 

+++ 

Bromcresol purple after 2 
hours at 37®C. 


■ 

" 


■ 

■ 




Bact. lactis acidi and culture 44.10 


Methylene blue reduction 
time in minutes 

5 

! 

24 

52 


85 

102 

103 

118 

Bromthymol blue after 2 
hours at 37®C. 

+ + + 


+ 

+ 

+ 

+ 


+ 

Bromcresol purple after 2 
hours at 37®C. 


+ 

■ 

■ 

■ 

" 




Bact. lactis acidi and B. ooli 


Methylene blue reduction 
time in minutes 

7 

21 

52 


93 

115 

131 

190 

Bromthymol blue after 2 
hours at 37®C. 

+ 

+ 

+ 



4* 

+ 

+ 

Bromcresol purple after 2 
hours at 37®C. 








— 


Bact. lactis acidi and B. aerogenes As 


Methylene blue reduction 
time in minutes 

7 

29 

63 

89 

96 

110 

131 

147 

Bromthymol blue after 2 
hours at 37®C. 

4-4- 

+ 

+ 

■f 

+ 

4" 

+ 

+ 

Bromcresol purple after 2 
hours at 37®C. 

4- 






— 
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TABLE I — Continued 



SA.MP1.1: 

1 1 1 2 

3 

4 

5 1 6 

7 8 

Bact. lactis acidi and B. aerogenes B2 


Methylene blue reduction 
time in minutes 

6 

29 

58 

82 

100 

118 

142 

156 

Bromthymol blue after 2 
hours at 37®C. 

4- 4- 4- 

+4-4- 

+++ 

++ 4 - 

+++ 

+++ 

+ + + 

+++ 

Bromcresol purple after 2 
hours at 

** 



■ 






— No change; + very slight; +4- slight change; -f + 4- decided change. 


four hours the maximum color change of the indicator was reached 
in all the different dilutions. 

The conclusion to which one is forced is that neither of the 
methods is as delicate nor as accurate a measure of the bacterial 
content of milk as is the reduction test. They did not enable 
the analyst to place the varying dilutions in their proper order 
in respect to the number of bacteria while the reduction test 
failed in this in no instance. The few data presented are typical 
of all collected in making over two hundred such trials. 

In order to compare the three tests on milks of unknown bac- 
terial content, market milks which were anywhere from four to 
twenty-four hours old were used. In making the bromthymol 
blue test, the inoculum for the broth was 1 cc. of a 1 to 10 dilution 
of the nulk in water instead of 0.1 cc. of milk as previously used. 
For the bromcresol purple test 5 cc. of milk and 0.05 cc. of indi- 
cator were used. The results are reported in tables 2 and 3. 

With these milks the results were similar to those obtained 
with pure cultures in milk; neither of the indicators was so 
sensitive to the biological differences in the milks as was the 
methylene blue. The bromthymol blue test when applied to 
milks of widely different keeping quality, showed in a general 
way rough agreement with the methylene blue, but it would not 
divide the milks into as many classes as did the latter. The 
tubes of broth inoculated with milks which were at the curdling 
point did not show a change in reaction in an hour while the 
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reduction time for such milks is very short, a minute or less. 
In the case of milks that had a reduction time of two to thirty 
minutes, which means that such milks have passed the point 
where they are marketable, from two to five hours were required 


TABl.E 2 

Methylene hhte redurfion tin>e of rnilhs com pared irilh time for first chanye in brom^ 

thymol blue broth 


SAMPLE OF 
MILK 

1 METHYLE>E ULLE REnUCTION TIME 

nifOMTHYMiJL BLi:r f oi ou CH^xr.r 


minutes 

minute M 

1 

1 

75 

2 

2 

2S5 

3 

3 

135 

4 

3 

300 

5 

4 

300 

6 

8 

180 

7 

11 

151 

8 

21 

270 

9 

27 

300 

10 

30 

300 

11 

36 

285 

12 

58 

300 

13 

200 

300 

14 

240 

420 

15 

280 

300 

16 

295 

300 

17 

360 

4S0 

18 

420 

No change in 480 

19 

450 

540 

20 

480 

6(X), change doubtful 

21 

480 

600, change doubtful 

22 

510 

No change in 600 

23 

540 

600 

24 

540 

5^40 

25 

570 

No change in 650 

26 

Slight reduction in 570 

600 

27 

Slight reduction in 570 

No change in 600 

28 

Slight reduction in 570 

600, change doubtful 

29 

No reduction in 570 

540 

30 

No reduction in 570 

1 540 


before a change was noted in the color of the bromthymol blue 
broth. Milks with a reduction time of eight to ten hours re- 
quired only eight to ten hours for a change in color of bromthymol 
blue to become evident. 
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The variations in the color itself of different milks cause vari- 
ations in the color of the bromthymol blue broth to such an 
extent that considerable error may occur unless a control tube 
is made from each milk tested with which the sample that has 
been incubated can be compared. 

TABLE t 


Methylene blue reduction time of rnilka compared with their color reaction with 

hromcresol purple 


ftAMf'LC 

OK MILK 

MJJTHlLrVK nia V. Itr'DlCTION TfML 

BTiOMi UlrOL PritKI.T, TOLOH CHANGE 


minutc'- 


1 

1 

Yellow 

2 

1 

Yellow 

3 j 

9 

lighter than control 

4 

23 

Lighter than control 

5 

4G 

Same as control 

6 

S4 

Greenish tinge 

7 

134 

Greenish tinge 

S 

13() 

Same as ct)ntrol 

9 

ISO 

Darker than control 

10 

1S9 

1 Lighter than control 

11 

210 

Darker than control 

12 

2t>0 

Lighter than control 

13 

280 

Darker than control 

14 

300 

(Greenish 

15 

314 

Lighter than control 

IG 

314 

Greenish tinge 

17 

314 

Lighter than control 

18 

344 

Same as control 

19 

350 

Same as control 

20 

No change in 8 hours 

Slightly lighter than control 

21 

No change in 8 hours 

Slightly lighter than control 

22 

No change in S hours 

Slightly lighter than control 


The failure of the bromthymol blue broth to differentiate 
between milks to the degree that the methylene blue does might 
be attributed to several things. Diluting milks of a varying 
bacterial content might tend to overcome the variations. In- 
stances are not uncommon in plate cultures where a dilution 
falls far short of having the theoretical number of organisms 
when compared with the preceding dilution. As suggested be- 
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fore, rearrangement of the relation among the different groups 
of organisms present in a milk both by its dilution and by its 
inoculation into a differrait medium, and subsequent adjustment 
to a new environment would a lso tend to overcome the original 
variations in the mUks. 

The bromcresol purple test when used with milks ranging from 
a few to twenty-four hours old brought out marked differences, 
but conclusions as to their keeping quality based on these differ- 
ences could not be relied upon because of the numerous factors, 
such as color of the milk , fat content, and total solids, which 
may influence the color of this indicator. Examples were found 
of milks which, according to their methylene blue reduction time, 
would be at opposite ends when classified in respect to their 
keeping quality, gave with bromcresol purple the same color. 
The light color with the two milks reducing in nine and twenty- 
three minutes, table 3, was no doubt due to growth; but the 
same color in a milk with a reduction time of five hours was of 
course due to some factor other than growth. It is also quite 
probable that acid in amounts sufficient to be detected by brom- 
cresol purple was formed in a milk with a reduction time of 
forty-six minutes and could have been detected by this indicator 
provided a control tube of the same milk in which no growth 
had taken place had been available. Thus it is evident that 
large numbers of bacteria may grow in some milks without chang- 
ing the color of the indicator to the degree that an acid reaction 
can be detected, and it is even possible that in some milks the 
hydrogen ion concentration might not be changed though con- 
siderable growth had taken place. Especially would this be 
the case in a milk high in total solids and blaaic salts where any 
acid that was formed would be taken up by these constituents. 
Furthermore, a neutral reaction might be maintained in a milk 
for a considerable length of time because of the balance pro- 
duced by the growth of acid- and alkali-producing organisms. 
Such a milk would have a high bacterial content before the acid 
formers would affect the color of the indicator. If a milk were 
low in total solids, it would give a darker blue with bromcresol 
purple than a normal milk and in order to bring about the same 
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color in the acid direction in the two milks, it would require in 
the case of the abnormal milk either the growth of a greater 
number of acid-producing organisms or a longer period of growth 
than would be required in the milk having a normal color at 
the start. 


CONCLUSION 

The results herein reported show that the methylene blue 
reduction test is a more accurate measure of the number of bac- 
teria in milk than is either the bromthjnmol blue or the brom- 
cresol purple test. These two tests depend on the measurement 
of acid, one of the by-products of the growth of bacteria, whereas 
the reduction of methylene blue depends on the number of 
living cells. 

The reduction test involves no more labor or time than do 
the other tests and is more easily carried out by untrained 
workers. And these in using either of the indicator tests would 
undoubtedly arrive at different conclusions in judging the quality 
of a series of milks because of the possible errors and difficulties 
in interpreting the tests. Interpretation of the methylene blue 
test might in a few instances present difficulties, but these have 
been met with so seldom that they might be considered negligible. 
It is to be expected that the methylene blue test in its application 
will reveal some discrepancies, but these are not, in the experi- 
ence of the writers, as obvious as those in the bromthymol blue 
and the bromcresol purple tests. 

In a subsequent paper it will be shown that different kinds 
of bacteria do not have the same reducing power; and that the 
lactic acid bacteria which are of the greatest importance in the 
spoiling of milk are also most active in the reduction of methylene 
blue, while other common milk bacteria such as those of the B. 
coli-aerogenes group which are of secondary importance in the 
spoiling of milk, are likewise less active in the reduction of 
methylene blue. It may well be, therefore, that the reduction 
test will prove to be an excellent measure of the keeping quality 
of milk. 
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SUMMARY 

In a comparison of the three tests, methylene bine reduction, 
bromthymol blue, and broracresol pui’ple for the determination 
of the keeping quality of milk, it is shown that the methylene 
blue reduction test is the preferable because of its greater sensi- 
tiveness to biological differences in milks; because it measures 
the number of bacteria rather than the by-products of their 
growth; and because of its simplicity and practicable advantages. 
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THE DIGESTIBILITY OF SORGHUM MILL REFUSE* 

ANDREW C. McCANDLISH 

Dairy H u.shandry Sectiorif Agricultural Experinieul Station, Ames, loiva 

The sorghum mill was at one time a common institution in 
many sections but in prewar days the number in operation had 
become greatly reduced. The sugar shortage during the last few 
years has again led to the operation of a large number of them. 
The amount of sorghum grown for syrup is not great in this 
section but yet questions regarding the feeding value of the sor- 
ghum mill refuse arc freciuent. 

No information is available on this point so the present work 
was undertaken to determine the value of this product as a feed 
for livestock. 


EXPERIMENTAL METHODS 

The sorghum n^fusc was obtained from a local mill and con- 
sisted of the stalks remaining after the extraction of the juice. 
It was gencrall 3 ’' al)out two daj's old when used and was in cjuite 
fair condition. It was fed uncut. 

The length of the feeding period was 12 days and during tlie 
last five days the digestion trial was conducted according to the 
methods generally recognized. Salt was given the animals at 
free will and they were watered twice daily. 

The work Avas started on October 5, 1919, and Avhere necessaiy 
the information given concerning the animals used is calculated 
to that date. C -ow 91 was a purebred Ajushire and cow 2()2 was 
a Guernsey- Ayrshire cross. Both animals had been used for a 
considerable time in other feeding and digestion trials. 

The weights of the feed consumed and the faeces produced 
were determined daily. The faeces samples were dried and com- 
posited and these the samples of air dried feed Avere the 
materials on which the proximate constituents AA^ere determined 

^ The coSperation of W. G. Gaessler in undertaking the anal3’lical work for 
this project deserves acknowledgment here. 
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TABLE 1 
Animala used 



cow 91 

cow 262 

Aice 

12 y., 1 m., 3 d. 

0 

5 y., 2 m., 18 d. 

X)&y8 bred. 

158 

Weight, pounds 

1000 

1080 

Previous lactations 

6 

1 


TABLE 2 

Feed consumed and faeces produced 



cow 91 

cow 262 

AVSRAOE 

Feed 

pounds 

78.0 

97.6 

pounds 

92,2 

105 7 

pounds 

86.1 

101.6 

Faeces 



TABLE 3 

ATialyses of feed and faeces 



SOROEUU 

RBFtTSS 

FABCBB 

Cow 91 

Cow 262 

Average 


per cent 

per cent 

per cent 

per cent 

Moisture 

73.12 

85.27 

84.74 

85 00 

Dry matter 

26.88 

14 73 

15.26 

15 00 

Crude protein 

0 62 

1 09 

1 21 

1.15 

Nitrogen-free-extract . . 

12.98 

7 01 

7.19 

7.11 

Crude fiber 

11.48 

4.72 

5.42 

5.08 

Crude fat 

0.46 

0 22 

0.21 

0.21 

Ash 

1 34 

1.69 1 

1 23 

1 45 


TABLE 4 


Nutrients consumed^ defecated and digested 



CONBUMBD 

DXFBCATBD 

DZaOBTXD 


Cow 

91 

Cow 

262 

Avezage 

Cow 

91 

Cow 

262 

Average 

Cow 

91 

Cow 

262 

Average 


pounds 

pounds 

pounds 

pounds 

pounds 

poufUs 

pounds 

pounds 

pounds 

Dry matter 

w<%w:ri 

24.78 

22.88 

14.36 

16.13 

16.25 

6.61 

8.66 

7.63 

Crude protein 

Nitrogen-free- 

0.48 


0.53 


1.28 

1.17 



-0.65 

extract 


11.97 

11.06 

6.84 

7.60 

7 22 

3.29 

4.37 

3.83 

Crude fiber 

8.95 


9,77 

4.60 

6.73 

5.17 

4.35 

4.85 

4.60 

Crude fat 





0.22 




0.18 
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TABLE 5 

Digestion coefficients and digestible nutrients 



DIGESTION COEFFICIENTS 

DIGESTIBLE 

NUTRIENTS 

Cow 91 

Cow 262 

Average 


per cent 

per cent 

per cent 

per cent 

Dry matter 

31.5 

34.9 

33.4 

9.0 

Crude protein 

0.0 

0.0 

0.0 

0.0 

Nitrogen-free-extract . . 

32 5 

36 5 

34 7 

4 5 

Crude fiber 

48.6 

45 8 

47.1 

5 4 

Crude fat 

41 7 

47 6 

44 9 

0 2 


by the recognized methods. All analyses were then computed 
back to the moist basis and only the analyses of the original 
undried materials are presented here. 

DISCUSSION OF BESULTS 

The average coefficients of digestibility for the sorghum mill 
refuse were low, that of the dry matter being 33.4 per cent. The 
crude protein was apparently undigested due to the fact that the 
amount of protein present was not sufficient to maintain the 
nitrogen balance in the animals and the presence of metabolic 
products caused the elimination of more crude protein in the 
faeces than there was in the feed. 

The amounts of digestible nutrients present are small, the 
total content being only 10.4 per cent. When the net energy 
value of the sorghum mill refuse is calculated by the method of 
Armsby* it is found to be only 6.5 therms or a lower net energy 
value than has been reported for any other feed. 

SUMMARY 

The digestibilities of the nutrients in soi^um miU refuse are 
low and the net energy value is exceptionally low so there appears 
to be little opportunity for the extensive use of this waste produce 
as a feed. 

* H. P. Aimsby and J. A. Fries. Net energy values for ruminants. 1916, Bui. 
Pa. Agr. Exp. Sta. 142. 




THE DIGESTIBILITY OF CORN CANNERY REFUSE^ 

ANDREW C. McCANDLISH 

Dairy Husbandry Section, Agricultural Experiment Station, Ames, Iowa 

The canning of sweet corn has now reached enormous propor- 
tions and huge quantities of refuse have to be disposed of in con- 
nection with these activities. A considerable quantity of this 
material is fed but a great proportion of it has in the past been 
allowed to go to waste. In recent years, however, the interest 
in this as a feed for farm livestock has been increasing and the 
work outlined here was undertaken with the object of obtaining 
some information regarding the value of the refuse from sweet 
com caiming factories. No work has as yet been reported on 
this problem and the material herein presented is merely indica- 
tive of the need for seriously considering the utilization of this 
waste product. 

EXPERIMENTAL METHODS 

The com cannery refuse used was obtained from a local fac- 
tory and was generally two days old when fed. It was partially 
fermented and not in first class condition for feeding purposes as 
there was no means of handling it at the factory except by dump- 
ing. It consisted mainly of the sweet corn husks with only small 
amounts of spoiled ears and cobs as these generally went into 
separate piles. The material, when fed, had a bad odor but was 
consumed in fair quantities by the animals used in the experiment. 

The feeding period was of twelve days duration and during 
the last 5 days the digestion trial was conducted according to the 
recognized methods. Salt was given at free will and the animals 
were watered twice daily. 

The work was started on September 15, 1919, and where neces- 
sary the data given concerning the cows is calculated to that 
date. Cow 91 was a purebred Ayrshire while cow 202 was a 

* The cooperation of W. G. Gaeseler in undertaking the analytical work for 
this project deserves acknowledgment here. 
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Guenisey-Ayrshire cross and both had been used for a consider- 
able time in feeding trials previous to being used for this work. 

The weights of feed consumed and faeces produced were ob- 
tained daily and the faeces samples were dried and composited. 


TABIE I 
AnimaU used 



cow 91 

! 

cow 262 

Age 

12 y., 0 ni., 1:5 (1 ! 

ri y.. 1 m., 2 

Days bred ... 

' 0 

11^8 

Weight, pounds 

lOO.") 

1090 

Previous lactations , , . . j 

() 

1 


TABLK Z 

Feed consumed attd faeces produced 


cow 91 

cow 262 

.\verage 


poundiy j 

pound 

pounds 


210 7r> 

249 50 

234 63 

F aeces 

182 75 

158 00 

170 3S 


TABLE 3 

Analf/ses of feed and faeces 



rOKN CANNEKT 
KEFU8E 

C«)W 91 

! C'ow 

202 

Average 


prr cent 

per cent 

prr ( 

cut 

per cent 

Moisture 

83 28 

SG 57 

v8l 

73 

84 33 

Dry matter 

16 72 

13 43 

18 

27 

15 67 

Crude protein 

1 32 

1 53 

1 

85 

1 68 

Nitrogen-free-extract 

9 17 

6 59 

8 

74 

7 59 

Crude fiber 

5.02 

4 :is 

6 

20 

5.22 

Crude fat 

0 34 

0 16 

0 

40 

0 27 

Ash 

0 87 

0 77 

1 

08 

0 91 


The proximate constituents of these samples and the air-dry 
sample of feed were determined by the recognized methods. All 
analyses were calculated back to the moist basis and are reported 
here on the basis of the original materials. 
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DISCtrSSION OF RESULTS 

The average digestion coefficients for the corn cannery refuse 
were quite low, that for the dry matter being 31.9 per cent. Of 
the individual constituents, those occurring in the smallest 
amounts, namely fat and protein, showed the greatest variations. 
The average coefficient of digestibility for the fat was 42.6 per 
cent and that for the crude protein was only 7.7 per cent. In 


TABLE 4 

Nutrients consumed, defecated and digested 



OOMST7MED 

DBrBOATBD 

DXaSBTEO 


Cow 

91 

Cow 

262 

Average 

Cow 

91 

Cow 

262 

Average 

Cow 

91 

Cow 

262 

Average 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

Dry matter 

36.74 

41.72 

39.23 

24.54 

28 87 

26.71 

12 20 

12.85 

12.53 

Crude protein .... 

2.90 

3.29 

3.10 

2.80 

2.92 

2 86 

0 10 

0.37 

0.24 

Nitrogen-free- 
extract 

20.15 

22 88 

21.52 

12 04 

13 81 

12.93 

8.11 

9.07 

8.59 

Crude fiber 

11.03 

12.53 

11.78 

8.00 

9.80 

8.90 

3 03 

2.73 

2.88 

Crude fat 

0.75 

0 85 

0.80 

0 29 

0.63 

0.46 

0.46 

0.22 

0.34 


TABLE 5 

Digestion coefficients 



cow 91 

cow 262 

Average 

Dry matter 

per rent 

33.2 

per cent 

30 8 

per cent 

31.9 

Crude protein 

3.5 

11.2 

7.7 

Nitrogen-free-extract 

40.2 

39.6 

39.9 

Crude fiber 

27.5 

21.8 

24.4 

Crude fat 

61.3 

25.9 

42.5 



addition the apparent abilities of the animals so far as digestion 
was concerned varied greatly in the case of the fat and the pro- 
tein, cow 91 having a digestion coefficient of 61.3 per cent for 
fat and 3.5 per cent for crude protein while the corresponding 
figures for cow 262 were 26.9 per cent and 11.2 per cent. The 
animals showed quite uniform ability so far as the digestion of 
the two chief constituents of the dry matter, nitrogen<4ree 
extract and crude fiber, were concerned. 
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A better appreciation of these results can perhaps be obtained 
if a comparison be made between the corn cannery refuse and 
com silage. The comparison is made with corn silage rather 
than with com stover silage as no digestion trials have been 
reported with stover silage. 

When the comparison between the corn cannery refuse and 
com silage is made it is found that the refuse contains about 10 


TABLE 6 

A comparison of corn silage and corn cannery refuse'* 



COMPOSITION 

DIGESTION 

COBPPICIENTS 

DIGESTIBLE 

NTrrniENTs 

DIGESTIBLE NCTTBIENTB 
IN 1 TON 

Corn 

silage 

Can- 

nery 

refuse 

Corn 

silage 

Can- 

nery 

refuse 

Corn 

silage 

Can- 

nery 

refuse 

Corn 

silage 

Can- 

nery 

refuse 

Can- 
nery 
refuse 
and 5 
bushels 
corn 


per cent 

per cent 

per cent 

per cent 

per cent 

per rent 




Moisture 

73.7 

83 3 








Dry matter 

26.3 

16 7 

66 

32 

\ 17 4 

5 3 

348 

106 


Crude protein .... 

2.1 

1 3 

51 

8 

1 1 

0 1 

22 

2 

23 

Nitrogen-free- 










extract 

15 4 

9 2 

71 

40 

10 9 

3.7 

218 

74 

264 

Crude fiber . 

6 3 

5 0 

65 

24 

4 1 

1 2 

82 

24 

27 

Crude fat . . 

0 8 

0.3 

82 

43 

0 7 

0.1 

14 

2 

15 

Ash 

1 7. 

0.9 





i 



Carbohydrate 





15 0 

4 9 

300 

98 

291 

Carbohydrate 






1 




equivalent 





16.6 

5.1 

332 

102 

325 

Total 

t 

17.7 

5.2 

354 

104 

348 

Nutritive ratio . . . 


1:15 

1:51 

1:14 







* The data on corn silage are from Feeds and Feeding, W. A. Henry & F. B. 
Morrison, 17th edition, 1917. 


per cent more moisture than does the silage and so is correspond- 
ingly low in the valuable nutrients, this being especially true in 
the case of the fat. The coefficients of digestibility for the corn 
cannery refuse are much lower than those for the silage and the 
most marked decrease is found in the case of the apparent diges- 
tibility of the crude protein. This was probably due to the fact 
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that the relatively small amount of protein in the feed allowed 
the results to be masked by the metabolic products in the faeces. 

The content of digestible nutrients differs widely for the two 
feeds, being 17.7 per cent of total digestible nutrients in the case 
of the com silage and 5.1 per cent in the case of the com cannery 
refuse. The relative difference is most marked in the case of the 
cmde protein and fat. 

Another method of comparing the two feeds is to study the 
amount of digestible nutrients in 1 ton of each. A ton of com 
silage contains 22 pounds of digestible crude protein and 332 
poimds of digestible carbohydrate equivalent or 354 pounds of 
total digestible nutrients, while 1 ton of the com cannery refuse 
studied contained only 2 pounds of digestible crude protein and 
102 pounds of digestible carbohydrate equivalent or 104 pounds 
of total digestible nutrients. In other words, 1 ton of com silage 
contains about as much digestible nutrients as 3| tons of the 
caimery refuse. The nutritive ratio of com silage is 1:15 while 
that of the refuse is 1:51. 

The relative feeding values of the two feeds can not be properly 
appreciated from these figures but if 5 bushels of corn, the aver- 
age amount in 1 ton of silage, be added to 1 ton of the refuse it 
is found that this combination will contain 23 pounds of digest- 
ible crude protein and 325 pounds of digestible carbohydrate 
equivalent or 348 pounds of total digestible nutrients. This 
means that 1 ton of com cannery refuse and 5 bushels of com 
will have a feeding value approximately equal to that of 1 ton 
of good corn silage. 


SUMMARY 

Large amounts of corn cannery refuse are allowed to waste 
but if proper methods of storage and handling were instituted a 
considerable amount of valuable feed could be saved as 1 ton of 
com cannery refuse and 5 bushels of com are apparently of about 
the same feeding value as 1 ton of good com silage. 



A BACTERIOLOGICAL AND BIOCHEMICAL STUDY OF 
EXPERIMENTAL BUTTERS^ 

CHAS. W. BROWN, LULU M. SMITH and G. L. A. RUEHLE 

Department of Bacteriology and Hygiene, Michigan Agricultural Experiment 
Station, East Lansing, Michigan 

Originally, this investigation was intended as a study of the 
effects of cream ripening and of pasteurization upon the keeping 
qualities of butter. Owing to the fact, however, that consider- 
able time has elapsed since the work was done and in this time 
some of the methods and ideas of manufacture have undergone 
some changes, it is thought best to present the results from the 
point of view expressed in the title.* The reasons for this decision 
will become clearer as the work is presented. It is hoped that 
the data to be presented will be of value to bacteriologists and 
chemists studying this problem, if not to practical butter makers. 

Wliile the purpose of this investigation was to study the 
effect of ripening and pasteurization on the keeping quality of 
the butter, the effects of other treatments of the butter were 
also to be observed. These included, (a) washing of the butter 
with lactic acid, (b) the addition of casein, (c) the addition of 
fishy butter, and (d) the addition of boric acid. 

A single vat of cream was divided into two equal portions, one 
of which was pasteurized and the other unpasteurized. Each 
of these portions was further subdivided into two parts, one 
part being churned without further treatment and the other 
ripened by the addition of starter. Each of the four divisions 
of cream was then churned separately. The butter from each 
churning was then divided into five portions which were subjected 
to the four further treatments mentioned above, with one of 

^ Published by permission of the Director of the Michigan Experiment Station, 
East Lansing, Mich. 

* The work presented here was done during 1909 and 1910 by Chas. W. Brown 
and Lulu M. Smith but was not published. Mr. Ruehle is not responsible for 
the plan of the work nor for the gathering of the data, but is largely responsible 
for the presentation of the results in written form. 
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the portions acting as an untreated control. The twenty differ- 
ent butters (about 60 pounds each) were packed in 30 pound 
tubs and shipped without delay to a cold storage plant where 
they remained for the duration of the experiment at about 0®F. 
At intervals of 9, 48, 164, 275, and 426 days the butters were 
scored and sampled for bacteriological and chemical deter- 
minations. 

The following scheme indicates the divisions of the cream and 
the treatments of the butters: 


fRaw 


Cream 28.18 
per cent fat 
53® acidity 


Pasteurized 
at 160®C. 


Part 1, 
churned 
immedi' 
ately, 63® 
acid 


Sample Treatments 

1 and 11 Control 

2 and 12 Acidified 11,0 in 2d wash< 

ing 

3 and 13 Casein added 

4 and 14 Fishy butter added 

5 and 15 Boric acid added 


Part 3, 
to 60® 


21 and 31 Control 

22 and 32 Acidified HsO in 2d wash- 

ing 

23 and 33 Casein added 

24 and 34 Fishy butter added 

25 and 35 Boric acid added 


Part 2, 
churned 
immedi- 
ately 


6 and 16 Control 

7 and 17 Acidified H 2 O in 2d wash- 

ing 

8 and 18 Casein added 

9 and 19 Fishy butter added 
10 and 20 Boric acid added 


Part 4, 
to 64® 


26 and 36 Control 

27 and 37 Acidified H 2 O in 2d wash- 

ing 

28 and 38 Casein added 

29 and 39 Fishy butter added 

30 and 40 Boric acid added 


A more detailed description of the methods of manufacture 
of the butters and the methods of bacteriological and chemical 
investigations follows. 
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SECURING THE CREAM 

The cream was secured on a prearranged date (October 8, 
1909) from three near-by creameries; from the first was received 
1365 pounds of 28.91 per cent biitterfat, from the second 1471 
pounds of 26.93 per cent butterfat and from the third 1118 pounds 
of 28.93 per cent butterfat — a total of 3954 pounds of 28.18 per 
cent butterfat. The cream from the first creamery, all gathered 
cream, arrived in good condition; that from the second, all 
gathered cream, was sour when it arrived; that from the third, 
about half gathered and half whole milk cream, arrived in good 
condition. The three lots were placed in a cool room until the 
following morning then they were turned into a large vat and 
stirred to make a homogeneous mixture. 

TREATMENT OF CREAM 

The mixed cream in the vat contained 28.18 per cent butter- 
fat and had an acidity of 53°. A slight metallic flavor, possibly 
derived from some of the cans used in shipping, was present. 
Part I was churned at once. Part III received an addition of 
5 per cent starter (69° acid) and was held at 60°F. for about 
five hours then cooled to 50°F. and held over night. The ripened 
cream had an acidity of 60°. Part II was chilled immediately 
after it had been pasteurized at 160° in a Farrington pasteurizer 
and was churned about an hour later. No starter was added. 
Part IV received an addition of 5 per cent starter and was held 
for five hours at 60°F then cooled to 50°F. and held over night at 
that temperature. At time of churning the cream had an acidity 
of 64°. 

CHURNING AND STORAGE 

The churning was done in the College Dairy under the super- 
vision of L. B. liverence, in charge of dairy manufacture. But- 
ter from each churning was treated as follows: 

Butter washed with lactic add. After the first washing, the 
butter (60 pounds) was placed in a small churn and 15 pounds 
of a 1 per cent commercial lactic acid solution was added. The 
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churn was given five revolutions and then the acidified water 
was allowed to drain away. Dry salt was added and the butter 
was worked sufficiently to incorporate it, after which the butter 
was packed into two thirty pound tubs. 

Butter with added casein. To 60 pounds of salted butter in a 
small chum was added 90 grams powdered casein, prepared from 
sweet separated milk by precipitating with lactic acid and wash- 
ing successively with water alcohol, absolute alcohol, and ether. 
The butter was worked to incorporate the casein — the water 
being allowed to drain away — ^and was packed into two 30 
pound tubs. 

Butter with horic acid added. One hundred and twenty grams 
of powdered boric acid was worked into 60 pounds of salted but- 
ter; the excess water was allowed to drain away and the butter 
was packed into two 30 pound tubs. 

Butter with fishy butter added. One pound of fishy butter which 
was obtained from a tub of butter scored as having a pronounced 
fishy flavor by the Michigan Dairy and Food Department at a 
judging contest in Grand Rapids, was worked into 60 pounds 
of salted butter. The butter was placed in two 30 pound tubs. 
The fishy butter used in this work was analyzed bacteriologically 
and was found to contain 2,300,000 bacteria per gram. "I'he 
flora isolated consisted of non-liquefying yeast, M. lactis rosaceus 
and a number of unidentified species. 

Unmodified butter. The remainder of the churning was also 
tubbed; two 30 pound tubs being used as controls. 

Storage of butter. The tubs were numbered and expressed 
immediately to the Booth Cold Storage at Detroit where a 
temperature was maintained at OT. Twenty-four hours before 
each scoring the tubs were placed in a comparatively warm ante- 
room to the cold storage, being returned to the storage room as 
soon as scored. 


SCORING AND SAMPLING 

When the butter was 9, 48, 164, 276 and 426 days old it was 
judged independently by F. O. Foster, G. A. Gilbert and L. B. 
Liverence. The average score with the descriptive terms used 
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are recorded in table 1, and will be discussed on page 380. At 
the time of each scoring two sets of samples were taken from 
one of each pair of tubs. For the first set about 50 grams were 
taken with a sterile trier, placed in sterile morphine bottles and 
used the following day for bacteriological analyses and for the 
determination of acidity, moisture and salt. For the second 
set of samples about 1 pound was taken with a knife, placed 
in mason jars — no surface butter was included — and was used 
the second day following for chemical analyses. All samples 
were kept cold from the time of collecting to the time of analyzing. 

PLATING AND ANALYTICAL METHODS 

The bottle containing the sample for bacteriological analysis 
was placed in a water bath at 35°C. until the butter softened. 
The cork was removed and the butter stirred with a sterile glass 
rod, then 11.5 cc. (10 grams) of butter were introduced by means 
of a sterile pipette into 90 cc. of warm (35® to 40®C.) sterile 
physiological salt solution; from this the higher dilutions were 
made. Nine plates were made from each sample; one set of 
three (three different dilutions) was poured with litmus lactose 
agar (standard meat infusion agar with acidity of 10®F.S. and 
containing 1 per cent lactose and 0.025 per cent azolitmin) and 
two sets were poured with lactose salt agar (same as above with- 
out azolitmin and containing 10 per cent sodium chlorid). The 
litmus lactose agar plates were incubated at 20° to 22°C. for 
five to seven days then isolations and counts were made. One 
set of lactose salt agar was incubated at 20° to 22°C. for ten 
to fourteen days and the other set at 5° to 10°C. for about twenty 
days. At this time isolations and counts were made. 

The methods for the determination of acidity, moisture, salt, 
total nitrogen, nitrogen not precipitated by copper sulphate, and 
acidity of butter leachings are the same as those employed in 
a previous study (Technical Bui. 2, Mich. Agr, Sta., pp. 13-15) 
with the exception that the acidity of butter is recorded as cubic 
centimeters of N/10 acid per 100 grams butter. 

Lactose was determined according to the method described 
by Benedict (1) (1907). One hundred cubic centimeters of the 
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filtrate from the copper sulphate precipitation is placed in a 
100 to 110 cc. sugar flask, a few drops of phenolphthalein is 
added and N/1 sodium hydroxid is added drop by drop until 
the copper is precipitated (the phenolphthalein indicates when 
enough alkali is added). The volume is made up to 110 cc. and 
filtered. Ten cubic centimeters of Benedict’s reducing solution 
are placed in a small Erlenmeyer flask and heated to boiling. 
The lactose solution is run in from a burette, the number of 
cubic centimeters required to reduce the copper solution is read 
and the amount of lactose is computed and recorded as percentage 
of butter. 


RESULTS 

The results of the scorings on flavor and keeping quality and 
of the bacteriological studies so far as the seedings made on 
lactose agar incubated at 19“C. are concerned, are presented in 
table 1. The results of the other platings will be discussed but 
not presented in full, owing to lack of space. 

Table 1 needs a word of explanation. The scorings are pre- 
sented under headings as “sample” and “duplicate sample.” 
These are two tubs of butter in each case, as numbers 1 and 11, 
2 and 12, etc. The bacterial and chemical determinations, how- 
ever, were only made on one of the tubs and represent the butters 
listed under the heading “sample.” The heading “flora isolated” 
should not be misinterpreted as meaning that the organisms listed 
were the only ones isolated. They represent the only ones which 
survived long enough to be wholly or partially identified. The 
term “lactic” in the table refers to organisms which produced 
a small acid colony on the litmus lactose dgar plates. When 
some of these were transplanted to litmus milk they produced 
the typical lactic acid curd accompanied by a reduction of the 
litmus they all are, therefore, in all probability true members of 
the species. Bacterium lactis acidi or Streptococcus lacticus. 

Inspection of the results in table 1 fails to reveal any very 
definite relationship between score and the number or kinds of 
bacteria or between the development of the particular off-flavors 
and the bacterial flora present. 
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Most of the raw cream butters had developed the old cream 
flavor at the end of nine days when the first scorings were made 
while the pasteurized cream butters had developed a metallic 
flavor. The old cream flavor usually was followed with increas- 
ing age by fishy flavor while the metallic flavor was not. This 
suggests that pasteurization may have had some effect in pre- 
venting this particular flavor, which in turn supports the idea 
suggested by Supplee (2) that a biological agent is concerned in 
the development of this flavor. 

The development of the metallic flavor on the other hand seems 
to have been associated in these butters more with the pasteurized 
cream butters than with those made from raw cream. Possibly 
this was due to the use of a pasteurizer the surfaces of which 
had copper exposed and the combination of acid and high heat 
favored the formation of copper salts. In this case, however, 
one would expect the development, later, of tallowy flavor as 
shown by the results of Hunziker and Hosman (3) and those of 
Palmer and Combs (4). This, however, is not the case. The 
tallowy flavor developed much more frequently in the raw than 
in the pasteurized samples. The other flavors reported, occurred 
so infrequently that no definite conclusions can be drawn from 
them. It should be noted, however, that the acrid flavor de- 
veloped much more frequently in the well ripened butters and 
in these latter more frequently in the pasteurized samples than 
in the raw samples. No reason has been assigned for this 
peculiarity. 

Bacteriological findings. The most striking results of the bacte- 
riological work were the following: (1) The relatively high counts 
of the butters when over a year old. There is a sharp falling 
off in numbers during the first nine days, after which the numbers 
gradually decline but leave higher coimts than are usually 
reported for old butters. 

(2) The relatively prolonged vitality of the lactic flora. In 
pure cultures in milk, which is usually considered the best medium 
for the growth of this species, the lactics usually die off within 
a week. In these butters, however, we find them persisting for 
as long as 275 da3rs (and in one case for 426 days — sample 22). 



Samples 1 and 11 (duplicate). Raw cream (53®) churned at once [Control 
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85 Old cream Fishy, rancid, moldy, un- 1,800,0(X) Lactic, *B. subtilis,*Liq- 

clean uefying yeast, *Oidium 

87i Old cream, metallic Old cream, stale, metallic 910,000 Lactic, *M. lactis aureus, 

♦liquefying yeast 

85 J Tallowy Unclean, metallic 1,900,000 ♦Liquefying yeast 




Samples 3 and 13 (duplicate). Raw cream (53°) churned at once, casein added 
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Samples 7 and 17 (duplicate). Pasteurized, not ripened, acidified HjO in second washing 
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Organisms which liquefy either gelatine or milk or both. 



386 



C. W. BBOWN, h. M. SMITH AND O. L. A. RUEHLE 



O 

a 

0 I 

1 s 
I- 

S o 


03 

Ph 


I 

<D 

pjd 


s 


0 o 

3 2 

13 13 

0} a> 

a a 

1 a 

03 OS 
0 ) <0 


T3 TJ 

O O 


0) Q) 

a 3 a 

o 

fl c8 ® oi 

sis'" 

CO O ® > 

^ ^03 

2.2 2.2a 

« a « :=5 IS 

2 5 2 5 « 


H|» 

HW 

H|« 

Hjff 

o» 0 ^ 

« QO 

ss 

SS 

S 

88 

88 

So 

So 

Hw 

i * s 

1 ^ 

164 

275 

426 



S 8 8 


s § 

*>2 

2 

0-2 2 

a|l 

iii 


S g - 53 „ ^ 

« 3 « 3 S 


2 -2 2 'o 2 ^ 


bO 

C 

o 


a 


a -s a 

§ « § 

0) w 0) 3 

w b ® ^ 2 O 

« .13 3 

2-^2 £2 5 

000 


I 

I 



nK* 

88 

i 

88 

So 

8S 

88 

88 

So 


o» 

9 

2 

275 

426 



Samples 21 and 31 (duplicate). Raw cream (63°) ripened to 60° acid [control] 


STUDY OF EXPERIMENTAL BUTTERS 


387 




Organisms which liquefy either gelatine or milk or both. 
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Only two possible reasons have suggested themselves to the 
writers. One is that possibly the association with other bacteria 
may in some way prolong their activity. The other is that the 
fat may exert a protective influence by shielding certain favor- 
ably placed cells (those in the fat itself, not in the curd) from 
the acid produced by the cells. The low temperature and the 
salt too may cause such a slow rate of metabolism that relatively 
little acid is produced and so the life of the cell prolonged. 

The most frequent species observed aside from the lactics 
were a liquefying and a non-liquefying yeast and a species of 
Oidium. Both the liquefying yeast and the Oidium occur less 
frequently (in fact, only rarely) in the pasteurized cream butters 
than in the raw cream butters. This suggests that these organ- 
isms entered the cream largely before pasteurization and were 
killed off during the process. The few that occurred in the 
pasteurized cream butters may have come from unsterile butter 
•utensils or from the air. 

Every one of the butters except samples 26, 27, and 28 con- 
tained one or more and in some cases as high as six different 
species of liquefying organisms. These are indicated in the 
table by an asterisk. The presence of these organisms helps 
to explain the production of the soluble nitrogen noted below. 

The salt agar plates incubated at room temperature contained 
relatively few bacteria, the counts being 9500 per gram, 2800 
per gram, 8100 per gram, and 3100 per gram for samples I, VI, 
XXI, and XXVI, the butters which were examined when freshly 
made. At nine days the highest count obtained was 6300 per 
gram for sample IX. The numbers usually were below 3000 
per gram for the other samples, with only a few hundred remain- 
ing at the end of the period of storage. 

The salt agar plates incubated at 6°C. made a much poorer 
showing than those incubated at room temperature, the counts 
ranging from 0° to 2200 per gram. 

The flora isolated from the salt agar plates contained prac- 
tically the same predominant forms as appeared on the litmus 
lactose agar plates except that the lactics were completely re- 
pressed by the salt. A number of species not appearing on the 
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litmus lactose agar plates appeared on the salt agar plates but 
only in small numbers so that they are of no particular significance. 

ANALYTICAL DATA 

The analytical data were secured in the hope that by their 
aid some of the changes taking place in the butter might be 
explained. Previous papers from this station had suggested that 

TABLE 2 


Per cent of moisture and of salt in the experimental butters 


KITMBBB 

OF 


MOISTURE 




SALT 




Age of butter (days) 

Aver- 

Age of butter (days) 

Aver- 

SALT IN 
MOISTURE 


11 

50 

160 

ago 

11 

50 

166 

277 

age 


1 

13 96 

13.74 

14.09 

13 93 

2 40 

2 45 

2 50 

2.27 

2.51 

per cent 

18.0 

2 

13 27 

13.54 

13.12 

13 31 

3.55 

3 60 

3 55 

4 00 

3 65 

27.4 

3 

14.03 

14 00 

14 39 

14 14 

2 40 

2.40 

2.45 

2 20 

2 36 

16.7 

4 

14 07 

13 95 

14 08 

14.03 

2 40 

2 50 

2 45 

2 55 

2.47 

17.6 

5 

14 20 

14 37 

14.23 

14.27 

2 65 

2 50 

2 60 

2 65 

2.57 

18 0 

6 

18 75 

19.10 

18 88 

18 91 

4 55 

4 50 

4 65 

4 75 

4.61 

24 3 

7 

14 54 

14 38 

13.54 

14 49 

4 20 

4.15 

3 60 

3 90 

3.96 

27.4 

8 

19 83 

19 70 

19.82 

19 78 

4 85 

4.90 

4 95 

5 05 

4 94 

25 0 

9 

19.45 

19 21 

19.16 

19 27 

4 66 

4 80 

4 70 

4 90 

4 74 

24.6 

10 

19 62 

19.60 

19.32 

19.51 

4 75 

4 85 

4 95 

4.90 

4 86 

24 9 

21 

16 31 

16 12 

16 40 

16 28 

3 ?5 

3 40 

3 35 

3 20 

3 32 

20 4 

22 

13.82 

13 95 

14 03 

13.93 

4 25 

4 30 

4 00 

4 20 

4 19 

30 0 

23 

16 26 

16.13 

16.37 

16.25 

3 30 

3.40 

3 35 

3.60 

3.39 

20 8 

24 

16.10 

16.17 

16.08 

16.12 

3 30 

3 25 

3 10 

3.20 

3.21 

19.9 

25 

16 15 

16 62 

16 26 

16 34 

3 35 

3 40 

3 25 

3 40 

3 35 

20.5 

26 

19 63 

19.06 

19 68 

19.42 

4.80 

4.70 

4.60* 

4.65 

4.66 

24.0 

27 

14 58 

14 65 

15.11 

14.81 

3.80 

3 65 

3.75 

3 50 

3.67 

24.8 

28 

19 93 

19.86 

19 81 

19 87. 

4.75 

4 80 

4.85 

5.10 

4 78 

24.5 

29 

19.52 

19.72 

19.44 

19.56 

4.66 

4.70 

4 60 

4.60 

4.64 

23.7 

30 

19 94 

19 89 

19.43 

19.74 

4 75 

4 80 

4 56 

4 60 

4.67 

23.6 


some of the off flavors were due to changes in the protein portion 
of the butter (5). 

SaU and moisture. The salt and moisture determinations are 
recorded in table 2. 
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It will be seen that a number of the samples contained a high 
percentage of moisture this being especially true of the pasteur- 
ized samples. The same thing may be said of these samples 
in respect to the percentage of salt. In the last column are the 
calculated percentages of the strengths of brine in each butter. 


TABLE 3 

Lactose in the experimental butters 


PBB CENT IN BUTTER 


NUMBER 

OF 

BAMPUB 

Age of butter (dayB) 

At first 

11 

166 

277 

428 

1 

0.30 

0.29 

0.28 

0 27 

0.27 

2 


0.28 

0.29 

0.28 

0.28 

3 


0.31 

0.29 

0 29 

0.29 

4 


0.30 

0.28 

0.28 

0.28 

5 


0.30 

0.29 

0.29 

0.28 

6 

0 32 

0.29 

0 27 

0 26 

0 26 

7 


0 33 

0 32 

0.28 

0.28 

8 


0.28 

0.26 

0.27 

0.26 

9 


lost 

0.33 

0.32 

0 30 

10 


0 31 

0 27 

0.30 

0 29 

21 

0 33 

0 29 

0 28 

0.29 

0.29 

22 


0 30 

0.29 

0 30 

0.29 

23 


0 33 

0 32 

0 31 

0 31 

24 


0.30 

0.29 

0 30 

0 30 

25 


0 33 

0 31 

0 31 

0 31 

26 

0 31 

0.30 

0.28 

0.28 

0.28 

27 


0.29 

0.29 

0.27 

0.28 

28 


0.30 

0 29 

0.29 

0.29 

29 


0.29 

lost 

0.29 

0.29 

30 


0.29 

0 28 

0.29 

0.28 

Average 

0.316 




0.2855 


AB PER CENT OP MOISTURE IN BUTTER 


At first 


2.16 


1.70 


2.02 


1 60 


Age of butter (days) 


1.87 


11 


2.08 
2.14 
2.18 
2 14 
2 10 

1 54 

2 32 
1 41 
lost 
1 59 

1.78 
2.16 

2.02 
1 87 

2.02 

1.54 
1 96 
1.51 

1.48 
1.47 


166 


2 02 
2.21 
2.05 
2-00 

2.02 

1.43 
2.25 
1 31 

1.71 
1 39 

1.72 
2.08 
1.91 
1 81 
1 90 

1.45 

1.96 

1.46 
lost 
1.42 


277 


1.94 
2.12 
2 05 
2.00 

2.02 

1.38 

1.97 
1.36 
1 65 
1 54 

1.78 
2.16 
1.91 
1 87 
1 90 

1.45 
1.83 

1.46 

1.48 

1.47 


428 


1.94 

2.12 

2.05 

2.00 

1.96 

1.38 

1.97 
1.31 
1 56 

1.49 

1.78 

2.18 

1.91 

1.87 

1.90 

1 45 
1.89 

1.46 
1.48 
1.42 


1.756 


This makes the high bacteriological counts already discussed 
all the more striking since most of these results show very strong 
brines, some of them being about two-thirds saturated solutions. 

Lactose. In table 3 are shown the percentages of lactose in 
the butters and a recalculation of the restilts in terms of per- 
centage of lactose in the moisture of the butter. 
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If the average of the amount of lactose in all of the butters 
when fresh is compared with the average at the age of 426 days 
it will be seen that there is a slight but unmistakable decline 
in the amount of lactose. The average when fresh is 0.315 per 
cent and when old is 0.2855 per cent, or in terms of the moisture 

TABLE 4 

Aciditj/ determinations in experimental butters {cubic centimeters of N/10 NaOH 

per 100 grams butter) 
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in the butter, the figures become 1.87 and 1.756 per cent, respec- 
tively. This, no doubt, was used up in producing acid. The 
smallness of the amount used (viz., 0.095 per cent) for the pro- 
duction of acid supports the theory expressed on a previous 
page that the metabolism of the acid forming bacteria was 
retarded by the presence of the salt and the low temperature 
of storage. 

Acidity. The determinations of the acidity of the butters are 
presented in table 4. As is to be expected, the acidity increased 
during the period of storage. The average number of cc. of 
N/10 soda per 100 grams of butters when fresh was 22.5, and 
after 426 days of storage was 27.2, a difference of 4.7 cc. Ex- 
pressed in terms of acid washed from butter, representing soluble 
acid, the figures become 2.875 cc. for the average of the fresh 
butters, and 3,95 cc. for the average of the old butters, a differ- 
ence of 1.075 cc. This is not very much but it is many times the 
amount that could have come from the average amount of lactose 
used up. This suggests that there was some hydrolysis of the 
fat or protein resulting in compounds capable of using up alkali. 
Nc other explanation except the unwelcome one of errors in 
technique suggests itself. 

DEGRADATION OF THE NITROGEN 

The total nitrogen for the various butters at the age of 11 and 
166 days are given in table 5. The first three columns give the 
results calculated as per cent of the butter and the last two 
columns, as per cent of the moisture in the butter. 

The most striking thing about these results is the fact that 
the pasteurized samples contained about one half of the nitrogen 
that was contained in the raw butters. These are similar to the 
results obtained by Mortensen, Gaessler, and Cooper (6), who 
found that when the cream was pasteurized in the sour condition, 
the per cent protein of the resulting butter was decreased over 
raw cream butter but that when sweet cream was pasteurized 
the protein content of the butter was not influenced. They offer 
the explanation that in sour cream *'the casein in the presence 



396 C. W. BROWK, li. M. SMITH AND O. L. A. BUEHLE 


of acid is hardened and thrown into clumps known as curd par- 
ticles, that are quite readily removed in the cleaning and wash- 
ing of the butter.” Hunziker, Spitzer, Mills and Switzer (7) 
also note a tendency of pasteurization to lower the curd in butter, 

TABLE S 


Total nitrogen in experimental butters 



Afi PUB CBNT IK BUTTER 

AB PER OEMT OP MOISTURE IN BUTTER 

kumbub or 

SAMPliS 

Age of butter (days) 

Age of butter (days) 


11 

166 

11 

166 

1 

0.0766 

0.0756 

0.582 

0 682 

2 

0.0812 

0 0770 

0.614 

0.588 

3 

f 0.0850* 

0.0740* 

f 0.600* 

0.622* 

\(0.1090) 

(0.0980) 

1(0.769) 

(0.683) 

4 

0.0812 

0.0792 

0.680 

0.566 

5 

0.0798 

0.0826 

0.556 

0.678 

6 

0 0518 

0.0490 

0 274 

0.269 

7 

0 0504 

0.0490 

0 355 

0 346 

S 

/ 0 0478* 

0.0492* 

/ 0.242* 

0.248* 

\(0 0756) 

(0 0770) 

1(0.381) 

(0.389) 

9 

0.0476 

0 0462 

0.247 

0 239 

10 

0 0476 

0 0462 

0.245 

0.237 

21 

0 0868 

0.0854 

0.531 

0.524 

22 

0.0840 

0.0770 

0.605 

0.565 

23 

/ 0 0842* 

0 0830* 

f 0.518* 

0 609* 

\ (0.1120) 

(0 1108) 

1(0 699) 

(0.685) 

24 

0.0854 

0.0840 

0 530 

0 522 

25 

0.0868 

0.0864 

0 532 

0 624 

26 

0.0560 

0.0646 

0 288 

0.282 

27 

0.0588 

0.0646 

0.396 

0.370 

28 

/ 0 0537* 

0 0523* 

f 0.270* 

0.264* 

\ (0.0924) 

(0 0910) 

1(0.466) 

(0.467) 

29 

0.0532 

0 0490 

0.272 

0 260 


0.0504 

0.0476 

0.256 1 

0.242 


but offer no explanation for the fact, though their explanation 
for loss of fat in the buttermilk would apply to the loss of curd 
as well; since they also postulate a shrinking of the curd in the 
presence of high acid and high heat. 

Another explanation that may acooimt for the lesser amounts 
of protein in the pasteurized cream butters is that the presence 
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of acid and heat may have resulted in a hydrolysis of a portion 
of the casein which would then be lost during the subsequent 
washing of the butters since it would then be soluble. 

The nitrogen not precipitated by copper sulphate appears in 
table 6 where it is recorded both as percentage of the butter 


TABLE 6 

Nitrogen not precipitated by copper sulfate 


AS PSB CSNT OF BITITSB 


AS PEB CENT OF MOISTURE IN BUTTEB 


A«e of butter (days) 


Age of butter (days) 


At first 11 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

21 

22 

23 

24 
26 

26 

27 

28 

29 

30 


10.0060 0 0064 
lo 0063 
jo. 0064 
p 0060 
0 0060 


0 0031 


0.0064 


0 0035 


0 0031 
0 00301 
0 0031 
0 00271 
0 00271 

0 0068 
0 0056 
0.0064 
0.0064 
0.0061 


0.00380 
0.00340 
0.00390 
0 00390 
0.0031 


50 


0 0064 
0 00631 


P 0064 0 0064 


166 


p 0068 0 0071 


277 428 


0 0059 0 0067 0 0067 


0 0060 
0 0060| 

0.0031 
0 00301 
0 00351 
0 0031 
0 0031 

0 0064 
0 0060 
0.0068 
0.0057 
0.0061 


00351 

.0038i 

00391 

.00391 

p.0035 


p 0064 


At first 11 


0 0064 


p 00710 0064 
P 007 i! 0 0064j 


0 0060 0 0071p 0064 


0 0027 
0 0026 
0 0031 
0 00271 
0 0027| 

0 0064 
0 00561 
0 00641 
0.0061 
0 0057 

0.0035 
0.0034 
0.0039 
0 0035 

o.oasi 


I 


P 0432 0 0461 
|0 0481 
0 0450| 
0 0429 
0 0420 


0 00350 0038 
0 0030'0 0030] 

0 0035I0.0035 

0 0035j0 0035 
0 00310 0031 

0 00760 00761 


P 0164 


0 0164 
0 0211 
0 01571 
0 0140 
0 0139 


0 0064 
0.0076 
0 0072 
0.0076 


0 0060 
0 0072 
lb 0072 
P 0068 


0.0038 
0 0030 
0 0039 
0 0039 
0.0031 


0 a392 


0.00350 
b.0030 
0.0039 
0.0039 
b.0035 


0180 


0.0450 0 04501 
0 0429 0 0457 
p 0420 0 04201 


0 0392i 
0.0403! 

0 0392 
0 0398| 
0.03740 


0.01960 
0.0123 ( 

0 01960.1 
0 01990. 


60 


0 04610 0488 


0 0481 


166 


0.0454 


0 0164 
0 0211 
0 0177 
0 0161 
0 01591 


0 0417 
0 0432 
0.0416 
0 0355 
03741 


OI 8 OI 
p.0157 
0196 
.01991 

P 0158p. 0177 0 


0 0144 
0 01831 
0.0157 
0 0140 
0 0139 

0 0392 
0.04031 
0.0392 
0.0377 
0 0350 


0 01801 
0 0123 
0 0196p 
0.01790 
01580 


277 428 


0 0510I 

0 0511 
0.04991 
0 0502 
0.0492 

0.0185 
0.0211 
0.0181 
0 0181 
0.01591 


0 0465 
0 0460 
0 0465 
0.0448, 
0 0464 


0 0196P 
|0 0206' 
01960 


0.0461 
0 0511 
0 0486 
0 0457 
0 0447 

0.0202 

0.0211 

0.0159 

0.0181 

0.0159 


0 0465 
0.0432 
0.0441 
0.0448 
0.0418 


.0180 
p.0206 
0196 
0199p.0199 
01580.0177 


and as percentage of the moisture in the butter. This data has 
also been recalculated and recorded in table 7 as percentage of 
the total nitrogen. 

As shown by table 7 there are only four exceptions (samples 
6. 7, 26, and 27) to the rule that there was a higher percentage 
of soluble nitrogen at the end of the period of storage than when 
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the butters were fresh. In a general way this decomposition 
was progressive though there were many exceptions to the rule. 
There are also some cases where there was an apparent decrease 
in the percentage of soluble nitrogen. This, no doubt, was due 
to errors in technique or variation in the distribution of the 

TABLE 7 


Nitrogen not precipitated by copper sulfate {recorded in per cent of total nitrogen} 


NVMBSR or 

AT FIRST 

11 DAYS 

50 DAYS 

166 DATS 

277 DAYS 

428 DATS 

1 

7.95 

8 47 

8 47 

8 99 

9 39 

8.47 

2 


7 96 

7 96 

7.45 

8.46 

8.46 

q 


f 8 05* 

8 05* 

8 05* 

8.91* 

8.55* 

O 


; 10) 

(6 19) 

(0 19) 

(6 88) 

(6.58) 



7 48 

7.48 { 

7 98 

8.85 

7.98 

5 


7 39 

i 

7.39 

7 39 

8.74 , 

7.88 

6 

6.15 

6 15 

6.15 

5.36 

6.94 

7.54 

7 


6.04 

6.04 

5 23 

6.04 

6.04 

8 

i 

/ 6 40* 

7.20* 

6.40* 

7.21* 

7.21* 


1(4 07) 

(4.68) 

(4.07) 

(4 58) 

(4 68) 

9 


5 75 

6.61 

5.76 

7.46 

7.46 

10 


5.76 

6.61 

5.75 

6.61 

6.61 

21 

7.43 

7.43 

7.89 

7.43 

8.81 

8.81 



6.95 

7.46 

6.95 

7.95 

7.46 



f 7.68* 

8.05* 

7.58* 

9.00* 

8.51* 


1(5 69) 

(6.03) 

(5 69) 

(6.75) 

(6 40) 



7.55 

6.73 

7.20 

8.50 

8 50 

26 


7.00 

7.00 

6.55 

1 

8 27 

7.82 

26 

6.34 

6.87 

6.34 

6.34 

6.87 

6.34 

27 


6.00 

6.71 

6.00 

5.29 

5.29 

28 


/ 7.36* 

7.36* 

7.36* 

7.36* 

7.36* 


1(4.26) 

(4.26) 

(4.2^) 

(4.26) 

(4.26) 

20 


7.64 

7.64 

6.85 

7.64 

7.64 

30 


6.33 

7.14 

6.33 

6.33 

7.14 


* Nitrogen added to butter in form of casein is not included. 


nitrogen compoimds in the butters. The increase in soluble 
nitrogen as recorded in table 7 follows in a general way the 
decrease in total nitrogen as shown by table 5. 

A curious fact may be noted in connection with these analyses. 
While the pasteurized cream butters contained only about one- 
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half of the amount of nitrogen as was contained in the raw cream 
butters, and the percentage of soluble nitrogen was also lower 
in the pasteurized butters than in the raw butters, the percentage 
of the total nitrogen which was rendered soluble was about the 
same in both types of butters. The explanation for this fact 
is not clear (though it probably could be explained by the law 
of mass action) since “it is known that protein may hydrolize 
on long standing, in the presence of water alone without the 
assistance of any intermediary agents” (8). 

SUPPLEMENTARY WORE ON THE ACTION OF THE BUTTER FLORA 

ON MILK 

Supplementary to the work outlined above some additional 
work was done with some of the typical butter micro-organisms 
to study their individual action upon milk. It is known that 
the micro-organisms most commonly found in butter are to a 
great extent those bacteria that were present in the milk and 
cream from which the butter was made; therefore, the initial 
butter flora is milk flora and vice versa. The changes taking 
place in milk can be more easily studied since they proceed with 
greater rapidity than the changes taking place in butter. Only 
the possibility of growth in milk and the action upon the nitroge- 
nous constituents will be considered here. 

The casein in butter during storage is slowly broken down into 
amino-acids and ammonia. Nitrogen, as amino-acids and am- 
monia, in percentage of the total nitrogen in unsalted butter 
(average of tubs from the creameries) was found in a previous 
study (9) to be 5.71 per cent at first and 7.59 per cent after 240 
days in storage at 21 °F.; in salted butter from the same three 
churnings and held in the same storage, it was found to be 5.71 
per cent at first and 8.19 per cent after 240 days. And again as 
shown in the present study (see table 7) in salted butter made 
from pasteurized and from unpasteurized cream, the percentage 
(average of 20 tubs) increased from 6.24 per cent to 6.86 per 
cent for the pasteurized and from 7.68 per cent to 8.25 i>er cent 
for the unpasteurized butter during storage at 0°F. for 428 days. 
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Milk was foimd by M. E. Pennington (10) to contain certain 
species of bacteria especially resistant to cold; these became 
numerous and frequently occurred in almost pure culture after 
five to six weeks at 0.55°C. As a rule the liquefying group in- 
creased in proportion to the acid forming group. The casein 
of the milk in cold storage was rapidly digested imtil more than 
50 per cent was changed into soluble compounds. Working 
with milk at low temperature Ravenel, Hastings and Hammer 
(11) give data showing that milk held at 0®C. for 203 days in- 
creased markedly in bacterial content which resulted in a rise 
in acidity to 0.70 per cent and a change in the casein rendering 
70 per cent of the total nitrogen soluble. In milk held at 0®C., 
there was no increase in bacterial coimt, a slight decrease in 
acidity and 20 per cent of the total nitrogen was soluble after 
203 days. 

When the growth in plain milk of twelve different bacteria 
isolated from storage butter was compared with their growth in 
milk to which had been added 5 per cent sterile salt, it was 
observed (table 8) that while all of these bacteria were capable 
of making a good growth on agar containing 12 per cent salt — 
seven grew well on 16 per cent — the addition of /J'-per cent salt 
to milk had a slight retarding effect. One of the organisms, 
however, (M. 1. citronus) grew as well or even made a better 
growth in salted milk. The number added per cubic centimeter 
of milk taking the average for the twelve different organisms 
was 2.322 which increased in plain milk dining one, three, and 
seven days at 20°C. to 140,000, 12,860,000 and 80,650,000, 
respectively, and in the milk plus 5 per cent salt to 113,800, 
5,743,000 and 14,924,000, respectively. As'none of these organ- 
isms form more than a trace of acid the acidity of the milk showed 
only a slight increase, the average acidity after one, three and 
seven days being 0.18 per cent, 0.20 per cent and 0.20 per cent 
for plain milk and 0.19 per cent, 0.21 per cent and 0.20 per cent 
for the milk plus 5 per cent salt. 

The action exerted by these bacteria upon the casein was 
influenced by the presence of salt very much in the same way 
as the rate of growth was influenced, that is, where the rate of 
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TABLE 8 

Bacterial count arul acidity 


ORGANISM 

AT FIRST 

1 DAT 

3 DAYS 

7 DATS 

Acid 

Count 

|Acid 

j Count 

|Acid 

1 Count 

[Acid j 

j Count 

Milk without salt at 20°C. 


per 


per 


per 


per 



cent 


cent 


cent 


cent 


B. lactis Harrisoni. . 

0.10 

10 

0 15 

10,000 

0 22 

3,000,000 

0 32 

1,160,000 

Bact. lactis creta- 









ceum 

0.16 

3,000 

0 15 

100,000 

0 17 

76,000,0110 

0 07 

120,000,000 

B. sub tills 

0.16 

1,185 

0.17 

10,000 

0 17 

2,250,000 

0 17 

17,000,000 

B. mycoides 

0.16 

49 

0.19 


0 21 

3,000,000 

0 26 

1,000,000 

S. lactis citreus 1 . . . 

0.16 

17,500 

0.18 

833,000 

0.18 

14,450,000 

0 15 

162,000,000 

M. lactis varians A . 

0 16 

26 

0 18 

50,000 

0.18 

1,000,000 

0 20 


(?) 

0.16 

1 

0.17 

5,000 

0.19 


0 19 


M. lactis albus var. 









D 

0.18 

410 

0 20 

100,000 

0 19 


0 29 

414,000,000 

Ps. lactis Eurotas . . 

0.18 

685 

0.20 

250,000 

0 21 

950,000 

0 22 

7,250,000 

M. lactis rubidus . . , 

0 18 

30 

0 20 


0 20 




M. lactis citronus. . . 

0 18 

4,310 

0 20 

41,500 

0 20 

4,260,000 

0 22 

3,350,000 

B. (?) 

0 18 

675 

0 21 

1,000 

0 22 

40,000 


120,000 

Average 

0 17 

2,322 

0 18 

140,000 

0 20 

1 13,860,000 

0 20 

80,650,000 


Milk with 5 per cent salt at 20°C. 


B. lactis Harrisoni., 

0.16 

10 

0 14 

1,000 

0 20 

100,000 

0 17 

580,000 

Bact. lactis creta- 









ceum 

0.16 

3,000 

0.14 

100,000 

0.19 

30,000,000 

0.16 

26,000,000 

B. subtilis 

0.16 

1,185 

0.18 

10,000 

0 19 

1,400,000 

0.21 

23,000,000 

B. mycoides 

0.16 

49 

0.19 

1,000 

0 23 

550,000 

0 25 

2,000,000 

S. lactis citreus 1 . . . 

0.16 

17,500 

0.19 

735,000 

0.20 

9,400,000 

0.17 

41,000,000 

M. lactis varians A . 

0.16 

26 

0 20 


0.20 


0 20 


(?) 

0.16 

1 

0 18 

5,000 

0 20 


0.19 


M. lactis albus var. 









D 

0.18 

410 

0.20 

30,000 

0.19 

130,000 

0.21 

320,000 

Ps. lactis Eurotas . . 

0.18 

685 

0,20 

150,000 

0.22 

685,000 

0.22 

2,050,000 

M. lactis citronus. . . 

0.18 

30 

0.21 

105,000 

0 24 

9,500,000 

0 21 

227,540,000 

M. lactis rubidus . . . 

0.18 

4,310 

0.20 


0.22 


0.20 


B. (?) 

0.18 

675 

0.22 

1,000 

0.24 

20,000 

0.24 


Average 

0.17 

2,322 

0.19 

113,800 

0.21 

6,743,000 

0.20 

14,924,000 
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growth was greatest the action was most marked (see tables 9 
and 10). This group of twelve bacteria is capable of transforming 
casein into caseoses and caseones and then into amino-acids and 
ammonia, although with some of the organisms it appears from 


TABLK 9 

Nitrogen as caseoses and caseones (per cent of total milk) 


OBQANISM (at 20®C.) 

MILK WITHOUT BALT 

MILK WITH 6 PKB CBNT BALT 

1 day 

3 days 

7 days 

1 day 

3 days 

7 days 

B. lactis Harrison i 

0 023 

0 072 

0 087 

0 028 

0 029 

0.069 

Bact. lactis cretaceum ... . 

0 023 

0 028 

0.096 

0 024 

0 029 

0.046 

B. subtilis 

0 027 

0 028 

0 040 

0.026 

0.028 

0 029 

B. mycoides 

0 032 

0.046 

0 048 

0 031 

0 033 

0 050 

S. lactis citreus 1 

0 029 

0 031 

0 042 

0 028 

0 029 

0.036 

M. lactis varians A 

0 026 

0 032 

0 036 

0 028 

0 034 

0.034 

(?) 

0 029 

0 029 

0 069 

0 034 

0 034 

0.034 

M., lactis albus var. D . . 


0.030 

0 037 


0 035 

0.034 

Ps. lactis Eurotas 

0 035 

0 035 

0 036 

0.035 

0 038 

0.038 

M. lactis rubidus 

0 036 

0 037 

0 042 

0 038 

0 039 

0.046 

M. lactis citronus 

0 oa5 

0.035 

0 074 

0 038 

0.039 

0.044 

B. (?) 

0 043 

0.042 

0.046 

0.042 

0.042 

0.046 

Average 

0.031 

0.037 ! 

0.054 

0.030 

0.034 

0.042 


TABLE 10 

Nitrogen as amino-acids and ammonia (per cent of total milk) 


ORGANISM (at 20*’C.) 

MILK WITHOUT BALT 

MILK WITH 5 PER CENT SALT 

1 day 

3 days 

7 days 

1 day 

3 days 

7 days 

B. lactis Harrisoni 

0,022 

0 072 

0 200 

0.018 


0.024 

Bact. lactis cretaceum . ... 

0 023 

0 026 

0.107 

0.019 


0 025 

B. subtilis 

0.028 


0.041 

0.022 


0.023 

B. mycoides 

0.031 

0.072 

0.130 



0.082 

S. lactis citreus 1 

0.029 

0 031 

0.054 

0.025 


0.042 

M. lactis varians A 

0.027 

0.034 

0.034 



0.035 

(?) 

0.026 

0.034 

0.106 

0.027 

0 031 

0.033 

M. lactis albus var. D 

0.037 

0.034 

0.038 

0.029 

0.034 

0.036 

Ps. lactis Eurotas 

0.037 


0.038 

0.035 


0.041 

M, lactis rubidus 

0.037 

0.038 

0.039 



0.046 

M. lactis citronus 

0.037 


0.079 

0.037 


0.043 

B. (?) 

0.042 

0.042 

0.050 



0.045 

Average 

0.031 

0.042 

0.076 

0.028 

0.035 

0.041 
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our few analyses that amino-acids and ammonia increase as soon 
as the action upon the casein begins. Products of the first 
stages of casein decomposition were found after one, three, and 
seven days in the following amounts (average for the twelve 
bacteria) 0,031 per cent, 0.037 per cent and 0.054 per cent for 
plain milk and 0.030 per cent, 0.034 per cent and 0.042 per cent 
for the milk with 5 per cent salt. Amino acids and ammonia 
appeared as follows 0.031 per cent, 0.042 per cent, and 0.076 
per cent for plain milk and 0.028 per cent, 0.035 per cent and 
0.041 per cent salted milk. If plotted the curves for the changes 
in salted milk would be found to be the same in nature as those 
for the plain milk but of a lower magnitude. 

CONCLUSIONS 

While the results of this study failed to reveal any striking 
proofs of the relationship between methods of manufacture and 
either the score or the development of definite off-flavors, yet 
certain facts stand out sufficiently well to warrant mention. 
They are as follows: 

The raw cream butters quickly developed the old cream flavor 
which was later followed by fishy flavor, while the pasteurized 
(sour) cream butters early developed a metallic flavor. Tallowy 
flavor developed more frequently in the raw cream butters than 
in the pasteurized cream butters. Acrid flavor developed much 
more frequently in well ripened pasteurized butters than in raw 
butters. From this study there is no evidence that either pas- 
teurization or ripening improves the keeping quality of butters 
made from cream which has already soured. 

Relatively higher bacteriological counts were obtained on 
butters over a year old than are usually obtained in studies of 
this kind, though there was a fairly rapid dying off in members 
at first. 

The lactic acid bacteria appeared on the plates for a longer 
period than is usually thought possible, though there was a 
gradual displacement of the lactic acid flora by a more miscel- 
laneous flora, among which the predominant types were a lique- 
fying and a non-liquefying yeast and an oidium species. 
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Taking the butters as a whole, there was a slow' gradual de- 
crease in the amount of lactose present and a gradual increase 
in acidity, though the decrease of the one was not proportional 
to the increase in the other. 

The amoimt of nitrogen in the pasteurized cream butters was 
about half that of the raw cream butters, but the percentage of 
nitrogen in soluble form was about the same in each class of 
butters, though it was very small in either case. 

When 12 of the typical butter organisms were inoculated into 
milk alone and milk containing 5 per cent of salt, it was found 
that the number of bacteria increased rapidly in both cases but 
more rapidly when salt was not present. The increase in acidity 
was very slight in either case and of about the same amount. 
The action of these organisms upon the nitrogenous compounds 
of milk without and with the addition of 5 per cent salt was to 
increase the amount of soluble nitrogen in both cases but more 
so without than with salt. This amount of salt, however, does 
not retard the growth and action of these butter organisms as 
much as might seem possible. 
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AN ASSOCIATIVE STUDY OF STREPT. LACTICUS AND 
B. SUBTILIS IN MILK 

MAX S. MARSHALL 

Department of Microbiology ^ Agricultural Experiment Station, Amherst, 

Massachusetts 

There is well-known evidence in the Uterature (1) of bacteri- 
ology that concerns the growth of several microorganisms to- 
gether in the same medium. In such associative growth the 
development of each organism is likely to be influenced by the 
development of the others; the life curve of each will probably 
vary from the natural life curve of the organisms in pure culture. 
Since milk ordinarily contains a comparatively large number of 
microorganisms of various species, and is both an excellent food 
and a liquid, thereby offering a maximum chance for diffusion, 
it would seem that the natural interrelations of associative de- 
velopment would be as evident in milk as anywhere. Thus, 
with the purpose of studying the possibilities of associative 
growth in the lactic acid fermentation in milk, a typical strain 
of Strept. lacticus, isolated from the local dairy starter, and B. 
subtili.'^, obtained from the American Museum of Natural History, 
were gi’own together. 

The general procedure apart from variations made for especial 
details was simple. Milk cultures of the two organisms from 
twenty-four to forty-eight hours old were used. Dilutions were 
made from these from which 100 cc. lots, of sterile litmus milk 
were inoculated with varying quantities of the two organisms 
as desired, using as a unit of the dilution a drop from a Roux 
pipette. The flasks were kept at room temperature and the 
developments watched by means of the reduction and oxidation 
of the litmus and by means of titrations with phenolphthalein. 
The interest was, of course, focused on the variation in lactic 
fermentation in associative cultures as contrasted Avith controls 
of the pure lactic streptococci. 
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It was first evident that the presence of B. subtilis in milk did 
stimulate the lactic fermentation (graph 1), It will be seen 
from the graph that at any time during the most rapid lactic 
fermentation that associative cultures give a higher acidity than 
the control, and furthermore the variance from the control is 
proportional to a function of the original concentration of B. 
subtilis. It may be said that the associative influence can 
scarcely be looked for as increasing beyond 54°, Fuller’s scale, 
at the latest, since the B. subtilis can not develop beyond this 
acidity. The relationships represented in these curves have 
been brought out repeatedly, always with the same results. 
Hence the presence of B. subtilis in milk is likely to stimulate 
the lactic fermentation. 

Knowing the relative courses of these cultures in fermentation, 
it was desired to look into the numerical changes which were 
taking place during the fermentation. The results (graph 2) 
were the best that could be obtained by the plating method. 


TIMB 

L.\(TIC 

— j 

1 : 1 (drops) 

5 : 1 (drops) 

Subtilis 

Lactic 

Subtilis 

Lactic 

Ars. 






10.0 


82,500 


319,000 


16 0 

65,500 

1,230,000 


2,050,000 


20.0 

406,000 

3,270,000 

290,000 

2,030,000 

380,000 

24.0 


3,180,000 


12,720,000 


28.2 

11,000,000 

19,000,000 

170,000,000 

12,000,000 

122,000,000 

45 0 

126,000,000 

11,000,000 

161,000,000 

8,270,000 

19,080,000 

49.2 

343,000,000 

None . 

980,000,000 

None 

1,601,000,000 


Counting these became a difficult process since both organisms 
were present of necessity in the same plate. It will be observed 
that at fifty hours, however, there were no more organisms of 
B. subtilis so that the last points on the streptococcus curves 
should be fairly accurate. There is a numerical rise in the Strept. 
lacticus coinciding with the fermentation, as could only be ex- 
pected. The B. subtilis shows a rapidly increasing rise up to a 
certain point when the lactic fermentation gains the ascendancy. 
It is important to note that the culture receiving originally the 
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fewer organisms of B. subtilis of the two associative cultures 
(line IV) reaches a higher concentration than the culture receiv- 
ing originally more organisms (line V). 

There is theoretical evidence, therefore, of an ^^optimum^^ 
initial ratio of B. subtilis to Strept. lacticus, and this has actually 
been demonstrated (graph 3). Unfortunately it can not be 
repeated at will, for only by chance can the proper ratio be 
obtained. In this graph are considered at a certain time the 
various stages of fermentation m cultures inoculated with differ- 
ent ratios of the two organisms, using the acidity as an indicator 
to the differences. It is obvious on this curve that a culture 
with a certain initial ratio has reached a higher stage of fermen- 
tation at the time of comparing the cultures than other cultures 
which received slightly more of the B. subtilis dilution.^ Several 
explanations of this are possible, but the most logical seems to 
be from a mathematical comparison of the curves. A higher 
ratio of B. subtilis to Strept. lacticus may stimulate the first 
stages of fermentation sufficiently to stop the increase of B. 
subtilis before it reaches a concentration reached in a culture 
which had originally fewer B. subtilis organisms, since the latter 
has more time to develop (graph 2). Thus the * ^optimum” 
ratio would be that which influenced the fermentation up to the 
point beyond which the B. subtilis will not increase the least, 
and yet there attained the highest concentration. This con- 
centration would be higher than in those cultures receiving more 
B. subtilis inoculum, and should hence in the long run give more 
stimulus. The * 'optimum” ratio represented in this curve 
(graph 3) was: B. subtilis /Strept. lacticus = 22/10,000. 

Finally comparisons were made with clarified and unclarified 
associative cultures, presuming the larger organisms to be thrown 
out more than the smaller, and thus influencing the fermentation 
by disturbing the associative ratio of the two organisms. The 

^ It is necessary to keep in mind that the rate of fermei^tation can be stimu- 
lated only between the ordinary rate of multiplication of Strept. lacticus and its 
maximum physiological rate. Hence at room and lower temperatures under the 
optimum temperature for Strept. lacticus it is capable of greater stimulation 
than when warm. This has been demonstrated experimentally. 
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results allow of considerable speculation, because so many influ- 
ences other than association are present and intimately bound 
together with the introduction of clarification that quantitative 
conclusions on the associative basis are unwarranted. All that 
may be safely said is that clarification stimulates lactic fermen- 
tation in its early stages, be it with pure or associative culture, 
sufficiently so that whatever unbalancing of the ratio of the two 
organisms may take place makes no great apparent difference. 
Since the clarified cultures in the later stages of fermentation 
are behind the unclarified in the pure control of Strept. lacticus 
we can not draw any warranted conclusions from the associative 
cultures showing the same thing. That the associative influence 
is present in clarified milk is clear; if clarification influences 
association, however, its connection with these studies of the two 
organisms is not apparent. 

It may be concluded that: (1) the presence of B. subtilis in 
milk influences lactic fermentation; (2) the higher the concen- 
tration of B. subtilis in the original milk the greater the stimulus 
in the earlier stages of fermentation; (3) the “optimum” ratio 
of B. subtilis to Strept. lacticus in the original milk which will 
give the greater stimulus in the later stages of fermentation is 
very small — approximately 22 to 10,000; (4) the stimulus is more 
evident at low temperatures than at high; (5) association plays 
an undeterminable part in the differences in lactic fermentation 
caused by clarification. 
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THE USE OF FERMENTED MILK AND MILK DIETS 
IN CONTROLLING INTESTINAL PUTREFACTION 

E. C. FISHER 

Dairy Husbandry Departmentf Connecticut State College^ StorrSf Connecticut 

The use of fennented milks and milk diets in controlling in- 
testinal disorders has long been recognized. Especially the use 
of buttermilk and milk soured by Bacillus bulgaricus has been 
recommended by physicians. Earlier investigators have gen- 
erally ascribed the beneficial action of these sour milks to the 
antagonistic action of Bacillus lacticus and Bacillus bulgaricus. 
The lactic acid developed by these organisms was considered 
as the controlling factor in restraining the development of in- 
testinal putrefactive organisms. 

According to Metchnikoff (1) Bacillus bulgaricus can be 
implanted in the intestine and has the power to destroy harmful 
bacteria, such as cause putrefaction of the intestinal contents. 

Leava (2) a German investigator, carried on extensive experi- 
ments upon himself. He also claims that Bacillus bulgaricus 
can be implanted in the intestine by ingesting large quantities 
of the organism gi’own in milk. Bacillus bulgaricus, according 
to his report, was recovered from the feces after the fifth day, 
and at the same time the amounts of aromatic oxy-acids, and 
hippuric acid and conjugated* acids in the urine decreased 
considerably. 

Belonovsky (3) experimented upon mice, feeding thcju steril- 
ized wheat and cultures of Bacillus bulgaricus. After twelve 
days the character of the intestinal flora showed a marked change 
from Gram-negative to Gram-positive organisms and a decrease 
in gas producers. Examination of the feces however failed to 
show any predominance of Bacillus bulgaricus. He believes 
that the beneficial action is not due altogether to the Bacillus 
bulgaricus or the lactic acid, but that other products play an 
important part also. 
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Cohendy (4) carried on extensive experiments on thirty hos- 
pital patients with the use of milk soured by Bacillus bulgaricus. 
His results also show a marked change in the character of the 
intestinal flora. This change was accomplished by the deodori- 
zation of the feces and a decrease in the quantities of conjugate 
sulphates in the urine. His conclusion is that the beneficial 
results are due to the Bacillus bulgaricus. 

Sinclair (5) experimented with milk soured by Bacillus bulgari- 
cus on over a hundred children suffering from infant enteritis 
and ileocolitis. He also reported a rapid improvement in prac- 
tically all cases. 

Hundreds of other cases could be mentioned proving the value 
of milk soured by Bacillus bulgaricus in the treatment of intesti- 
nal disorders. As stated before, earlier investigators generally 
ascribed this property to the Bacillus bulgaricus. Recent experi- 
menters, however, seriously question this as the true explanation 
and attach much more importance to the influence of the diet. 

Dr. Rettger ((>) of Yale University conducted extensive experi- 
ments with young chicks. As in previous cases mentioned, the 
favorable influence of the milk feeding was very striking. Mor- 
tality was frequently reduced to at least one half of that amongst 
chicks receiving no milk. Milk-fed chicks frequently gained 
twice as much in weight as those not receiving milk. Chicks 
artificially infected with Bacterium pullorum (bacteria causing 
white diarrhea in chicks) show^ed a much greater resistance when 
milk fed. 

However, the same results were obtained whether Bulgaricus 
milk or w^hole sweet milk was fed. His conclusions therefore 
were that the unique properties of this food exist in milk as ^uch 
rather than in milk acids or sour milk bacteria that may be 
present. 

Dr. Herter (7) has shown that the products of intestinal 
decomposition in normal nurslings and bottle-fed babies are 
remarkably small in amount, when the large number of bacteria 
inhabiting the lower part of the intestinal tract is considered. 
He also brings out the fact that the intestinal flora in these 
cases is a very simplified one. Instead of the varied mixed flora 
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of the adult, only a few types are predominant. In breast-fed 
babies Bacillus bifidus and Bacillus acidophilus are predominant. 
In bottle-fed babies there is a slight increase in the Bacillus coli 
group and a decrease in the bifidus type, while Bacillus acido- 
philus predominates. 

The great abundance of Bacillus bifidus and Bacillus acido- 
philus in the simple flora of the healthy nursling or bottle-fed 
baby should be of considerable interest to the investigator. 
Especially so when compared with the varied mixed flora of the 
adult in which Bacillus coli commonly predominates. While 
Bacillus coli itself is considered a normal inhabitant of the adult 
intestinal tract, we usually find associated with it a host of other 
organisms the combination of which produces various degrees 
of intestinal putrefaction and its resulting disorders and diseases. 

Bacillus bifidus and Bacillus acidophilus on the other hand 
show a strong antagonistic action against the coli type of organ- 
isms. They are carbohydrate consuming organisms and slow 
to attack proteins having practically no proteolytic action. 
Under favorable conditions they rapidly eliminate the Bacillus 
coli and its allies. Such favorable conditions seemingly exist 
in the case of nurslings or bottle-fed babies where we have a 
minimum of intestinal putrefaction, with a simple flora of the 
acidophilus and bifidus type. 

These facts suggested to the writer that a simplified intestinal 
flora with Bacillus acidophilus and Bacillus bifidus predomi- 
nating is associated with a minimum degree of intestinal putre- 
faction. Further that a milk diet of some kind is essential in 
bringing about this simplified flora. 

It was with these ideas in mind that experiments were started 
to shed more light on this important question and to determine 
first, whether or not the simplified flora found in nurslings 
or bottle-fed babies can be brought about in the adult human 
being and second whether the organisms themselves are the 
causative factors or whether their abundance is due to the 
influence of certain diets furnishing a preferential medium for 
their development. 
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To study the effect of various milk diets on the intestinal 
flora and the amounts of decomposition products produced, six 
individuals placed themselves on certain milk diets for 28 days. 
The kind of diets used were; 

1. Milk inoculated with Bacillus bulgaricus, Bacillus lacticus 
and Bacillus acidophilus. 

2. Normal sweet whole milk of grade A quality. 

3. Watery suspensions of Bacillus acidophilus, Bacillus bul- 
garicus and Bacillus bifidus. 

From 2 to 4 quarts of the various milks were consumed and 
in addition a regular diet of meat, cereals and vegetables. As 
a natural consequence of consuming from two to four quarts 
of milk the quantity of the other foods was very materially 
reduced. 

Observations were made on the nature of the intestinal flora 
and the production of the decomposition products as indicated 
by tests for phenol, indol, skatol and indican in the feces and 
urine. The procedure was to isolate the organisms from the 
feces by preparing a ten per cent suspension of one part of fecal 
material in nine parts of physiological salt solution. This sus- 
pension was then used for further study as to: 

1. Plating on aerobic and anaerobic plates. 

2. Staining or smears to study staining properties. 

The Gram positive stain was found very helpful because the 
Bacillus coli group is gram negative, while Bacillus bifidus, 
Bacillus acidophilus and Bacillus bulgaricus are gram positive. 

3. Inoculation of fermentation tubes for gas production. 

4. Cultural characteristics in milk. 

5. Bio-chemical study for decomposition products as phenol, 
skatol, indol and indican. 

Records were kept as to the movement of the bowels and 
general welfare of the patient as indicated by gain or loss in 
weight. More detailed description of methods are reported in 
Bulletin 104 Storrs Experiment Station (8). 
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EFFECT OF FERMENTED MILK IN THE DIET 

Bacillus bulgaricus is a rather common inhabitant of milk 
and as such appears as long slender overlapping threads. It is 
Gram positive and with methylene blue frequently shows gran- 
ules in the cell. Its optimum growing temperature is 100‘’F. 
and in milk it forms a homogeneous curd coagulating the milk 
usually in six to twelve hours. Action on dextrose, lactose and 
sucrose broth is characteristic by formation of acid without gas. 

Whole milk of grade A quality was pasteurized by heating to 
145°F. and holding for thirty minutes. Half of the milk was 
then cooled to 100°F. and inoculated with a pure culture of 
Bacillus bulgaricus, while the other half was inoculated with a 
pure culture of Bacillus lacticus at TO^F. After about 18 hours 
of incubation at the respective temperatures the milk was again 
put together in a small hand chum and churned for about ten 
minutes. The milk was then cooled, bottled and stored in a 
refrigerator till used. The addition of Bacillus lacticus cultures 
moderates the acidity and takes away the sharp, puckering taste 
of a pure bulgaricus culture. The fermented milk thus produced 
had an approximate acidity of 1.10 per cent. 

Five out of six completed the experiment, practically all of 
whom showed an increase in weight and improvement in physical 
condition. One of the patients was forced to discontinue the 
fermented milk due to stomach trouble. At the beginning of 
the experiment two of the patients selected suffered slightly from 
indigestion, while all suffered more or less from constipation. 
All reported improvement in the movement of the bowels. Ex- 
amination of the feces and urine showed a^ marked decrease in 
putrefactive decomposition products. The relief from consti- 
pation may have been an important factor in causing a decrease 
in the decomposition products. Table 1 is a summary of the 
results. 

The intestinal flora in all cases changed from a predominance 
of Gram negative to a flora which showed a large number of 
Graqi positive organisms. Attempts were made to recover the 
Bacillus bulgaricus from the feces. The results were unsuccess- 
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ful in practically all cases. Several times Gram positive organ- 
isms resembling Bacillus bulgaricus were isolated. These organ- 
isms answer the description of Bacillus acidophilus of Moro. 
Under the microscope they appear as long slender bacilli which 

TABLE 1 


Effect of fermented milk in the diet 


PATIENT 

INTKSTINAIi FLOBA 

DECOMPOSITION 

PBOOUCTS 

CONSTIPATION 

WEIGHT 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

1 


++- 

+4- 

+ 

+ + 

— 

165 

168 

2 

-f- 

-h+4- 

++ + 

+ + - 

+ + + 

— 

119 

124 

3 

■f 

++- 

++ 

— 

+ 

— 

133 

134 

4 

_j 


4 — 1 — 1-4- 

+ 

+++ + 

— 

141 

150 

5 


++- 

4-4- 

+ - 

+ + + 

+ + + ! 

130 

129^ 

6 


+-f- 

4-4-+ 

+ + - 

+ 

— 

154 

1.54 


Note: Gram negative is indicated by — which shows that the type of organ- 
ism is of the coli or putrefactive type. 

Grant positive is indicated by -4- which shows that the type of organism is 
of the acidophilus or beneficial type. 

Patient no. 6 discontinued experiment after five days. 


TABLE 2 


Formation of acid in milk by Bacillus acidophilus 


INOCULATION 

INITIAL 
ACIDITT IN 
MILK 

AFTER 24 
HOURS 

AFTER 48 
HOURS 

AFTER 72 
HOURS 

First 

0,15 

0.43 

0.60 

0.65 

Second 

0.17 

0.49 

0 61 

0.69 

Third 

0.16 

0.63 

0.80 

0.81 

Fourth 

0.21 

0.53 

0.77 

0.85 

Fifth 

0.15 

0.75 

0.87 

0.93 

Sixth 

0.15 

0.75 

0.97 

1.09 

Seventh 

0.17 

0.83 

1.01 

1.19 

Eighth 

0.16 

0.90 

1 34 

1.58 


Note: These results are an average of six different strains. The highest 
reached an acidity of 1.97 per cent in seventy-two hours. 


show a Gram positive stain. Colonies on plain or whey agar 
are microscopical in size and resemble colonies typical of Bacillus 
tetani. Action on dextrose, lactose and sucrose broth were 
characteristic by formation of acid and no gas. They are very 
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similar to Bacillus bulgaricus, but did not form acid as rapidly 
nor is the maximum acidity as high. On propagation in milk 
cultures they may however develop a considerable acidity as 
brought out in table 2. 

The principal point of difference is that Bacillus acidophilus 
can readily be recovered from the feces while Bacillus bulgaricus 
cannot. 

When grown in milk Bacillus acidophilus forms a smooth 
homogenous curd which has a pleasing mild acid flavor. As 
such it makes a very palatable milk drink and seems much better 
adapted for use in the preparation of a fermented milk than 
Bacillus bulgaricus. The acidophilus milk produces the char- 
acteristic changes of intestinal flora and decomposition products 
even more strikingly than the bulgaricus milk and Bacillus acid- 
ophilus could be isolated from the feces in from five to eight days. 

USE OF SWEET WHOLE MILK IN THE DIET 

The procedure of the experiment was the same as where 
fermented milks were used. All tests and observations were 
made under as nearly identical conditions as was possible to 


TABLE 3 

Effect of sweet whole milk in the diet 


PATIENT 

INTE 8 TINAI. PLORA 

DECOMPOSITION 

PRODUCTS 

CONSTIPATION 

WEiaXIT 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

1 

+ 

+ + - 

4-4- 

+ ~ 

+ + 

+ - 

1661 

1671 

2 

4- 

+ 

4 - 4 - 4 . 

+ 

+ + + 

+ + - 

121 

127i 

3 

+ 

+++ 

4-4-4- 

+ + + 

+ - 

. -*-+ 

133 

133i 

4 


H — h“ 

— 1 — h 

+ + - 

+ + + - 

A — i“-i — 

147 

146 

5 

H 

4-++ 

+4- 

— 

— 

— 

134 

130 

6 

+ 

H 

+4-4-4- 

+ 

+ - 

— 

153i 

155i 


For explanation see note under table 1. 


attain. This time, however, sweet whole milk meeting certified 
requirements was used. Six patients were fed for a period of 
twenty-eight days on a regular diet of meats, cereals and vege- 
tables in reduced quantities to allow for the additional food 
furnished by the daily use of 2 to 4 quarts of milk. 
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The intestinal flora showed the same marked change as when 
feeding the fermented milks. It took from eight to ten days 
before the slides showed considerable numbers of Gram positive 
organisms of the bifidus and acidophilus types. There was a 
decrease in the decomposition products. However, patients 
suffering from constipation were not relieved as they were on 
the bulgaricus diet. Results are shown in table 3. 

Clinical symptoms and general health improved and there was 
a gain in weight with the exception of two patients who reported 
severe constipation as a result of the milk diet. Others, however, 
reported a laxative effect. 

USE OP BACILLUS ACIDOPHILUS, BACILLUS BULGARICUS AND 
BACILLUS BIFIDUS WITHOUT MILK IN THE DIET 

Pure cultures of Bacillus acidophilus, Bacillus bulgaricus and 
Bacillus bifidus were grown on dextrose agar. Watery suspen- 
sions of the bacilli were then made from these dextrose cultures. 


TABLE 4 

Effect of watery suspenetona of Bacillus bulgaricus y Bacillus acidophilus and 

Bacillus bifidus 


FATIKKT 

INTESTINAL FLORA 

DECOMPOSITION 

PRODTTCT8 

CONSTIPATION 

WEIGHT 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

1 



+4- 

4-+ 


-h- 

144 

144i 

2 

4— ~ 

+ 

H — 

4— 

+ - 

H — 

161 

153 

3 



+4- 

4-- 

— 

— 

162 

151^ 

4 



— 

4— 

— 

— 

121 

120 

5 


+ 4— 

— 

— 

4— 


134 

136 

6 

+ 

+4-- 


4— 

4~ 

4-“ 

146 

148 


For explanation of table see note under table 1. 


These watery suspensions were mixed with the food and thus 
ingested. Six patients followed a regular diet of meat, cereals 
and vegetables, but no milk was used during four weeks of the 
experiment. All other conditions were the same as when fer- 
mented and sweet whole milk was fed. 

No appreciable change could be noticed in the amount of 
decomposition products produced. The smears showed some 
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Gram positive bacteria, but large numbers of Gram negative 
organisms were present throughout the experiment. Bacillus 
acidophilus, Bacillus bulgaricus and Bacillus bifidus supplied 
to the diet in the form of watery suspensions seemingly affect 
the intestinal flora only temporarily and then only to a very 
slight extent. They do not cause any marked decrease in the 
production of intestinal decomposition products and their im- 
plantation without milk in the intestinal tract is very doubtful. 
The persons on test did not experience any favorable or unfavor- 
able results from the ingestion of the large numbers of the organ- 
isms. Results are indicated in table 4. 

GENERAL DISCUSSION AND CONCLUSION 

One of the most striking facts to be noticed in the series of 
experiments is the characteristic change in the intestinal flora 
coupled with decreased intestinal putrefaction whenever milk 
constituted a large part of the diet. In these cases the intestinal 
flora changed from the usually Gram negative coli type to one 
in which Gram positive aciduric Bacillus acidophilus was promi- 
nent. In all instances where milk made up the principal part 
of the diet there was a marked decrease in the decomposition 
products. 

The results from the use of Bacillus bulgaricus milk in con- 
nection with the regular diet was very gratifying. Intestinal 
putrefaction decreased markedly when at least two quart of 
the bulgaricus milk was used and the other food reduced pro- 
portionately. There was a general gain in weight, and those 
suffering from constipation were very much relieved. Of special 
interest is the change in the intestinal flora. Notwithstanding 
the fact that very large numbers of Bacillus bulgaricus were 
ingested with the milk, only a few could be recovered from the 
feces. Bacillus bulgaricus is therefore not a natural inhabitant 
of the human intestinal tract. The very closely related Bacillus 
acidophilus could be found in large numbers, but only after 
about eight or ten days use of the bulgaricus milk. When milk 
was discontinued the Bacillus acidophilus gradually disappeared 
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and the flora again showed a large number of Gram negative 
organisms. 

The same held true with the whole sweet milk experiment, 
which gave practically as good results as bulgaricus milk. This 
fact becomes still more significant when it is considered that 
Bacillus acidophilus became a common inhabitant of the intesti- 
nal tract without the ingestion of the organism itself. This 
would indicate that Bacillus acidophilus is naturally an intestinal 
organism, and that its presence or absence is dependent upon 
the nature of the food consumed. The diet or nature of the 
food then is the controlling factor. The character of the intesti- 
nal flora is dependent on, and alters with the type of food. The 
ingestion then of large numbers of certain bacteria in tablet or 
liquid form without the proper diet can be of little permanent 
value. This fact was brought out by the experiment in which 
watery suspensions of Bacillus bulgaricus. Bacillus acidophilus 
and Bacillus bifidus were consumed. The intestinal flora 
throughout the experiment showed large numbers of Gram 
negative types, and there was no appreciable decrease in the 
decomposition products. 

The beneficial effect of milk in the successful treatment of 
various intestinal diseases as typhoid fever has for sometime 
been known to the medical profession, but not until recently 
has it been realized that the explanation lay in its ability to 
change the intestinal flora from the putrefactive type to the 
Gram-positive aciduric Bacillus acidophilus group, the presence 
of which is associated with a minimum amount of putrefaction 
and the general well-being of the individual. Whether fer- 
mented milk or fresh sweet milk is preferable depends upon 
conditions. If the subject is constipated the fermented milk 
may prove very helpful. On the other hand, some individuals 
apparently do not tolerate acid milk, and in such cases the sweet 
milk would be best. Approximately three to four quarts should 
be used daily, in half pint quantities taken every hour or two. 
Other foods should be reduced proportionately, and in certain 
cases it may be advisable to leave them out entirely and increase 
the milk to 4 or even 6 quarts, depending on the needs of the 
patient. 
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There may be conditions when it is advisable to have in the 
intestine at'once large niunbers of the Bacillus acidophilus. A 
fermented milk prepared with Bacillus acidophilus would be 
admirably suited for such needs. Instead of using the bulgaricus 
culture an acidophilus culture should be used. This provides 
the proper diet in the form of milk and large numbers of the 
desirable organism which is a natural inhabitant of the intestinal 
tract. The acidophilus milk has a pleasing mild acid flavor and 
a rich creamy consistency. 

It seems to the writer that such a fermented milk offers great 
possibilities in the treatment of various intestinal disorders. 
As yet much work remains to be done especially in preparing 
a commercial product which can readily be manufactured in 
the average milk plant. 

Experiments covering this phase of the work are now under way 
in the Dairy Laboratories of the Connecticut State College, at 
Storrs. 

So far the work has brought out the importance of the diet 
in controlling intestinal putrefaction and disorders. It was 
shown that a change in the food alters the nature of the intestinal 
flora, and that milk is the one food which can bring about so 
characteristic and beneficial a change in the intestinal flora from 
the putrefactive to the acidophilus type. Already the medical 
profession is using Nature’s Own Food, mOk, to combat various 
diseases, and will continue so even more in the future, as the 
importance of the proper food in prevention and treatment of 
disease is realized. 
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A COMPARISON OF THE DECANTATION METHOD 
WITH OTHER METHODS FOR THE DETER- 
MINATION OF FAT IN BUTTER 

O. R. OVERMAN and SAICHI OKIMOTO 
Laboratory of Dairy Chemistry ^ University of Illinois ^ Urbana^ Illinoie 

Many methods which may be used in the laboratory for the 
determination of the percentage of fat in butter have been 
devised. None of these methods, however, is directly applicable 
in creamery control analyses, because of the time involved and 
the skill necessary in their manipulation. Certain of these 
methods have been modified in such a manner as to decrease 
the time and the skill required to obtain a determination of 
sufficient accuracy for creamery work. 

An attempt has been made in this work to compare one of 
the newer of these modified methods, the Kohman* decantation 
method, with the Mojonnier method and with two of the slower 
laboratory methods, the A. O. A. C. and the Roese-Gottlieb. 
In the last three of these methods all weighing is done with an 
analytical balance. 

In the decantation method the moisture was determined in 
a 10-gram sample, using an aluminum cup with a pour-out lip. 
The cup was about 2 inches inside diameter and 2} inches deep. 
A Torsion moisture balance — style 1700 — was used for all weigh- 
ing done in both the moisture and the fat determinations. Any 
other type of moisture balance of equal sensibility could be used 
just as successfully. 

After the completion of the moisture determination, about 
50 cc. of petroleum ether was poured into the cup and was thor- 
oughly mixed with the dry butter. The fat dissolved in the 
ether while the curd and salt, which are insoluble, settled to the 
bottom of the cup. When the sediment had completely separated 
(usually not more than two or three minutes are necessary), 
the ether solution of the fat was poured off, care being taken not 

^ B. F. Kohman, J. Ind. Eng. Chem., xi, 36, 1919. 
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to lose any of the sediment with the ether. About 30 cc. of the 
solvent was added to the sediment in the cup. The mixture was 
stirred, allowed to settle, and the solvent was poured off. In 
each case the solvent should be poured off as completely as is 
possible without loss of sediment. The cup with its contents 
was then dried on a water bath or hot plate. The drying may 
be done directly over a very small non-luminous flame if care 
is taken to avoid ignition of the reihaining traces of petroleum 
ether. After the ether had completely evaporated, the cup was 
cooled and the loss in weight due to the extraction of the fat 
was determined. A set of weights ranging from 0.01 gram to 
5 grams is necessary for this weighing. The moisture weights 
during the fat determination must be left in exactly the same 
position as they were placed to show the percentage of moisture. 
The loss in weight of the cup and contents represents the weight 
of fat in 10 grams of butter. This weight multiplied by 10 gives 
directly the percentage of fat in the sample. 

The percentage of salt may be determined by appl 3 dng to the 
contents of the cup after the completion of the fat determination 
any of the salt tests based upon a 10-gram sample of butter. 

The percentage of curd may be found by difference: 100 — 
(percentage moisture -t- percentage fat -H percentage salt) = 
percentage curd. 

In table 1 duplicate results obtained in the analysis of eight 
different samples of butter by each of the four methods named 
above are listed. In no case does the amount of fat determined 
by the decantation method vary from the determination by any 
of the other three methods by as much as 0.2 per cent, and in 
most cases the difference is less than 0.1 per cent. 

As a further verification of the accuracy of the decantation 
method the ether solution of the fat was poured directly from 
the cup into a weighed Erlenmeyer flask. The ether was evapo- 
rated on an electric hot plate and the flask and fat dried to 
constant weight at 100°C. in an electric oven. The results of 
these determinations are listed in table 2. The analyses num- 
bered 1 to 8 are the results obtained from the samples corre- 
spondingly numbered in table 1. Analyses 9 to 12 are the results 
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of samples tested only by the decantation method and by the 
direct weighing of the fat recovered from the decanted solution. 

In 15 of the 24 determinations listed the difference between 
the two methods is less than 0.1 per cent and in none of the 
other 9 does it reach as much as 0.2 per cent. 

TABLE 1 

Comparison of the decantation method with the Mojonnievy Roese-Gottlieb, and 

A. O. A, C. methods 


ANALT8I8 

( 

A. O. 

A. C. 

Rosas- 

oom^isB 

MOJONNIKR 

OBCANTATION 

NUMBKB 

Wat«r 

• Fat 

Fat 

Fat 

1 Water 

' Fat 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

, / 

14.29 

82 35 

82.40 

82.41 

14.2 

82.3 

' 1 

14 32 

82 34 

82 37 

82.40 

14 3 

82 3 

2 ( 

14.08 

82.46 

82.52 

82.46 

14.0 

82.5 


13 93 

82 43 

82 49 

82.42 

14.0 

82.4 

3 ( 

14.17 

82.17 

82 21 

82.19 

14.2 

82.3 


14 20 

82.11 

82 20 

82.19 

14.1 

82.2 


14 66 

81.90 

81 93 

81.93 

14.5 

81.9 

^ 1 

14.53 

81 87 

81.89 

81 90 

14 6 

81.8 

5 ( 

13 69 

82.23 

82.25 

82.29 

13.8 

82.2 


13 64 

82.19 

82.24 

82 24 

13 7 

82.2 

« { 

14 95 

80.45 

80.44 

80 35 

15.1 

80.5 

15 07 

80.38 

80.36 

80.41 

15 1 

80.3 

7 ( 

13 81 

82.05 

82.13 

82.05 

13 9 

82.0 

^ 1 

13 87 

82.08 

82.09 

82.06 

13.9 

82.0 

« { 

14.54 

81.20 

81.11 

81.14 

14.5 

81.2 

14.74 

81.06 j 

81.15 

81.17 

14.5 

81.1 


The results given in the tables show very distinctly the ac- 
curacy of the decantation method as compared with other 
methods used in the analysis of butter for fat. 

The decantation method as applied to creamery control work 
in butter making has the following advantages: 
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1. The method is acciirate, giving results which check very 
closely with the slower laboratory methods. 

2. The method is simple and easy to manipulate. No more 
skin is necessary for its successful use than is required in the 
usual moisture determination. 


TABLE 2 


Comparison of the decantation method with the method of direct weighing 


ANALYSIS NUMBER 

DECANTATION METHOD, 
FAT 

DIRECT WBIOHING, 
PAT 

DIFFERENCE 


percent 

per cent 



82.3 

82.38 

0.08 


82.3 

82.32 

0.02 

2 / 

82.5 

82.00 

0.10 


82.4 

82.58 

0.07 


82.3 

82.34 

0.04 

® ( 

82.2 

82.28 

0.08 


81.9 

82.04 

0.14 

" 1 

81.8 

81.92 

0.12 


82.2 

82.31 

0.11 

® 1 

82.2 

82.24 

0.04 

B / 

80.6 

80.59 

0.09 


80.3 

80.41 

0.11 


82.0 

82.01 

0.01 


82.0 

82.14 

0.14 

8 { 

81.2 

81.23 

0.03 


81.1 

81.26 

0.16 

9 1 

82.7 

82.03 

- 0.07 

® 1 

82.7 

82.08 

- 0.02 

10 1 

80.75 

80.94 

0.19 

10 j 

80.8 

80.93 

0.13 

- ■■ { 

81,2 

81.21 

0.01 

81.2 

81.10 

- 0.04 

12 ( 

82.3 

I 82.24 

- 0,06 

1 

82.3 

82.32 

0.02 
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3. Not more than fifteen to twenty minutes are required for 
the determination of both moisture and fat. A few minutes 
more will permit the determination of salt and curd if desired. 

4. The only apparatus and material necessary in addition to 
that used in the ordinary moisture test is: (a) a set of weights 
ranging from 0.01 gram to 5 grams; and (b) a supply of petroleum 
ether with boiling point 30° to 50°C. or 50° to 60°C. (The 
expensive fat-free petroleum ether is not necessary.) 



ABSTRACTS AND REVIEWS OF DAIRY LITERATURE 

MICROBIOLOGY AND MICROANALYSIS OF FOODS^ 

'‘This volume is intended as a guide to the study of the micro- 
biological decomposition changes in foods. It also presents a practical 
working basis for ascertaining the decomposition limits of foods suit- 
able for human consumption, by means of the direct methods of micro- 
analysis.'' 

The text of 260 pages is addressed to army dietitians and food exam- 
iners and in keeping with the limitations surrounding war conditions 
attention is directed almost exclusively toward information obtainable 
through the microscope. To those accustomed to elaborate labora- 
tory equipment the character and variety of the information so obtain- 
able is quite a revelation. Although we are no longer at war there is 
still need of methods for a rapid and accurate examination of foods and 
in this volume, which covers practically all kinds of foods, such methods 
are well arranged and well indexed. 

While the question of methods has been well handled there will 
undoubtedly be much difference of opinion regarding the deductions 
drawn from examinations of food. His statement that "Grade 'A' and 
Grade 'B' milks are of equal value to the army"' will shock some 
people. His conclusion that cheeses should not be used as an army 
food because of the liability of their undergoing secondary toxic decom- 
position will likewise appear strange to others. His evident suspicion 
of canned goods is in sharp contrast with the results of the study by 
Rosenau and his associates. 

As a matter of fact, wholesomeness of foods has long been a favorite 
field for fable and fancy. It is asking too much that the author should 
divest himself of all the myths of his childhood and confine himself to 
prosaic facts. Filth, rotting bacteria, and ptomaine poisonings are very 
real imps to the author and to a majority of the public. 

While at present it is frankly impossible to harmonize the extreme 
views held by many regarding the relations of germ life to whole- 
someness of food this author should be credited with an evident desire 
to take a moderately conservative position in such matters. The book 
is a valuable contribution and will repay careful examination by those 
interested in the subject, H. A. Harding. 

* By A. Schneider, 

P. Blakeston’s Son & Co. 
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J. W. HENDRICKSON 

Department of Dairy Husbandry ^ University of Nehraskay LincolUf Nebraska 

ARKANSAS 

Prof. H. E. Dvoradhek of the dairy department, University of Ar- 
kansas, reports *some investigations in progress in the use of legume 
crops as silage for dairy cattle. Cow peas and soy beans are used 
in combination with com and cane. A progress circular or bulletin 
may be published soon. The Arkansas station is also doing some 
research work on the cost of raising dairy cattle. 

CALIFORNIA 

Among the recent publications from the California University Dairy 
department is a circular on the subject '‘The Babcock Test for Butter- 
fat in Milk, Cream and Skimmed Milk,'’ by J. C. Marquardt and a 
bulletin on "The Use of White Fir and Choice Lumber in the Manu- 
facturing of Boxes Used for Shipping and Storing Butter," by Prof. 
S. D. Tumbow who scored the butter when it was placed in the boxes 
and will also make examination at frequent intervals. In California 
there has been a prejudice against the use of boxes made from any 
other than spruce lumber. It is believed that there are other woods 
that are cheaper and that will give just as satisfactory results as the 
more expensive spruce boxes. 

Assistant Professor S. D. Tumbow became a member of the staff 
of the California Dairy Industry during the present year. 

Mr. H S. Beard formerly assistant professor of dairy industry has 
accepted a position with the Northern California Milk Producers 
Association. 

Mr. S. L. Denning also formerly of the California Dairy Industry 
Department is now with the sales department of the Premier Machin- 
ery Company of San Francisco. 

CONNECTICUT 

Prof. R. C. Fisher of the Connecticut Agricultural College has a new 
publication on "The Use of Fermented Milk and Milk Diets to Control 
Intestinal Putrefaction." 
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On February 1, 1920, Mr. Wm. A. Rhea, B.S., University of Mis- 
souri, M.S. from Cornell University, resigned from his position at the 
Connecticut Agricultural College as extension dairyman and is now 
with a banking institution at Pierce City, Missouri. The vacancy was 
filled by the selection of Mr. P. A. Campbell, a graduate from the New 
Hampshire State University and formerly professor of animal husbandry 
at the University of Maine. During the last ten years Professor Camp- 
bell has been connected with two of the largest breeding establishments 
in the East, namely Balsam Stock Farm, Dixville Notch, New Hamp- 
shire, and Ayrdale Stock Farm, Bangor, Maine. 

IDAHO 

Mr. H. A. Bendixen, M.S. of the Iowa State College, has accepted 
the position of assistant professor of dairy husbandry in the University 
of Idaho to succeed Mr. E. F. Sass. Mr. Bendixen^s work will be 
along the line of milk testing, butter making, cheese making and ice- 
cream manufacturing — and will hawe charge of the teac^hing and 
research work along these lines. 

ILLINOIS 

Professors H. A. Harding and M. J. Prucha, of the Illinois Station, 
have just issued a bulletin No. 228 on the subject “An Epidemic of 
Ropy Milk,’^ in which they state that ropy milk is due to the growth of 
an organism resulting in increased viscosity of the milk. While no 
evidence has been produced to indicate that the healthfulness or the 
flavor of the milk have been changed, the consuming public does 
not look with favor upon this class of product. In the epidemics 
studied, sanitary methods applied to utensils, milk house equipment 
and to cows and stable surroundings as well, seem necessary in order 
to effect complete eradication of the trouble.* 

IOWA 

Prof. B. W. Hammer of the Iowa State College has quite recently 
issued several general and research bulletins, among which are “Bac- 
teriological Results Obtained in Practice with Vat Pasteurization and 
with One of the Final Package Methods,’’ also, “A Bacteriological 
Study of the Methods of Pasteurizing and Homogenizing the Ice 
Cream Mix.” The research bulletins are on the subjects “Studies on 
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Abnormal Evaporated Milk/’ “Studies on Formation of Gas in Sweet- 
ened Condensed Milk/’ and “The Volatile Acid Production of Started 
and of Organisms Isolated from Them.” 

In first research bulletin mentioned “An abnormal condition in 
evaporated milk, evident in the original milk as a bitter flavor and ab- 
normal odor, was studied and found to be due to an organism that it 
is believed has not been previously described and for which the name 
Bacillus amarus is proposed.” 

In the second research bulletin the gas formation in sweetened con- 
densed milk was found to be due to a budding organism. Professor 
Hammer states that “Since the yeast can grow in a saturated solution it 
is possible that the itiilk solids play a part in keeping down growth.” 

In the study of starters, Professor Hammer assisted by Mr. D. E. 
Bailey came to the conclusion that more than one organism is often 
present in starters of satisfactory quality. They also state that the 
high volatile acidity of startlers is not due to the action of B. Lactis 
acidi alone. 

Mr. E. W. Renner, instructor in market milk at the Iowa State Col- 
lege is now with the Decatur Ice Cream Company, Decatur, Illinois. 

Mr. S. J. Pearse, formerly a Nebraska man with M.S. degree from 
Iowa State College has taken the place of Mr. Renner. 

Mr. J. F. Jarvies, instructor in ice cream making, left to go with the 
Douglas Ice Cream Company, of Chariton, Iowa. Mr. R. L. Neasham 
recently with the Flynn Dairy C^ompany of Des Moines has been 
selected to fill the vacancy. 


KANSAS 

Prof. N. E. Olsen, formerly assistant professor of dairy husbandry, 
is now with the Columbia Dairy Products Company at Vancouver, 
Washington. Mr. F. W. Athenson in charge of advanced registry work 
has become field man for the Southwest Jersey Breeders’ Cattle Club, 
with headquarters at Kansas City, Missouri. 

MARYLAND 

The following bulletins have just been issued by the Maryland Sta- 
tion: “Cooling of Milk and Cream on the Farm,” Farmers’ Bulletin 
No. 976, U. S. Dept, of Agri., J. A. Gamble; “The Straining of Milk 
on the Farm,” by Ernest Kelly and J. A. Gamble, Farmers’ Bulletin 
No, 1019; U. S. Dept, of Agri. Bulletin No. 744, “Cooling Milk and 
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Storing and Shipping It at Low Temperature/' by J. A. Gamble and 
flohn T. Bowen, U. S. Dairy Division. A list of the breeders of pure- 
bred dairy cattle in Maryland (in process of publication) by Messrs. 
Meade and Gamble. The Babcock Testing of Milk by J. A. Gamble. 

In cooperation with the Market Milk Section of the United States 
Dairy Division, a study on the effects of feeds on the flavors and odors 
of milk is being made. 

E. H. Parfitt, graduate student in dairying, has left to take up work 
in the laboratories of the United States Dairy Division. A graduate 
assistant to take his place will be available July 1 and a teaching assist- 
ant in dairy husbandry, October 1. 

R. H. Ruffner, formerly professor of animal and dairy husbandry at 
this institution, is now head of the animal and dairy husbandry depart- 
ment at the North Carolina A. & A. College, West Raleigh, North 
Carolina. Mr. A. C. Stanton, formerly his assistant, is in charge of 
the Seward Stock Farm, Petersburg, Virginia. 

MINNESOTA 

R. M. Washburn, who was for seven years professor of dairy hus- 
bandry in charge of dairy products in this institution, is now with the 
International Dry Milk Company, of Minneapolis, as technical expert. 
J. C. Cort resigned his University position during the year to assume 
the duties as manager of the Milford Meadows Stock Farm, Lake 
Mills, Wisconsin. E. O. Hansen, formerly assistant professor in this 
division, has severed his connection with this institution in order to 
become assistant manager of the Creamery Package Manufacturing 
Company, Minneapolis. 


MISSISSIPPI 

A publication on “Testing Milk and Its Products” has just been 
issued. 

Mr. Earl Brentnall has been employed to do investigational work in 
dairy production. 


MONTANA 

Montana Station has issued a bulletin No. 131 on sunflower silage 
for dairy cattle, which should be of interest to those states that are 
not able to produce good corn silage. 
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NEBRASKA 

Mr. M. N. Lawritson, who has been in charge of the advanced regis- 
try testing work has become the dairy specialist in the extension 
department. Mr. Lawritson^s place has been filled by the selection 
of Mr. J. W. Boehr, who received his M.S. degree in dairying at the 
University of Nebraska last year. 

NORTH DAKOTA 

Professor J. R. Keithley who was formerly head of the department 
of dairy husbandry at North Dakota Agricultural College has gone to 
the University of Minnesota to take charge of dairy manufacturing. 

OKLAHOMA 

The principal experimental projects carried on by the department of 
dairying includes the study of the grading of sour cream for the manu- 
facture of butter during the hot summer months; factors in the com- 
mercial manufacture of ice cream which includes a study of the use of 
extra milk solids for improving the quality and increasing the over- 
run of ice cream; the commercial manufacture of cheddar cheese and 
the commercial pasteurization of milk in the final container. 

Prof. C. A. Burns, assistant dairy-man, resigned in March to go into 
commercial work and the vacancy has been filled by the appointment 
of A. D. Burke of Columbus, Ohio, who comes to the department on 
July 1, 1920. 


PENNSYLVANIA 

W. B. Combs, graduate at the University of Missouri, 1915, was 
placed in charge of the dairy manufacturing work in the Department 
of Dairy Husbandry, January 1, 1920, in the place of H. C. Yerger, 
Jr., who resigned to take up commercial work. 

SOUTH CAROLINA 

South Carolina Dairy Division has the following experimental work 
underway: (a) Study to determine the most economical concentrate 
to supplement cotton seed meal as a feed for dairy cows in the south. 
This experiment is being undertaken in cooperation with the North 
Carolina and Alabama Stations. Various feeds are being compared with 
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velvet bean meal and wheat bran, (b) Comparison of com silage and 
sorghum silage for milk production, (c) To ascertain the amount of 
feed necessary and cost of raising dairy calves to two years of age under 
South Carolina conditions. 


SOUTH DAKOTA 

Mr. H. A. Mathiesen who has served since September 1919 as gradu- 
ate assistant in the dairy department of South Dakota State College 
resigned in March to become assistant field dairyman in Idaho. 

CHANGES IN UNITED STATES DAIRY DIVISION PERSONNEL 

W. E. Wintermeyer, assistant dairy manufacturing specialist, has 
resigned to accept a position with the Fisk Tire Rubber Company, at 
Raleigh, North Carolina. 

Geo. J. Miller, dairy manufacturing specialist, engaged in creamery 
extension work in Mississippi, has resigned to accept a position as 
manager for the Watson and Avon Ice Cream C-ompany, at Helena, 
Arkansas. 

F. L. Brown, cooperative dairy extension man in New Hampshire, 
has resigned to become a county agent in New Jersey. 

H. J. Childress, cooperative dairy extension worker in Oklahoma, has 
resigned to accept a position as county agent in the State of Kentucky. 

Dr. N. R. Blatherwick, who has been engaged on problems in con- 
nection with the physiology of milk secretion, has resigned to become 
biochemist in charge of the chemical work with the Memorial Labora- 
tory and Clinic, Santa Barbara, California, where he will conduct 
research work in metabolic diseases. 

W. D. Wood, engaged in experiments to determine the food require- 
ments for milk production in Louisiana, has resigned to accept a dairy 
extension position in South Carolina. 

Clarence V. Caatle, a graduate of the University of California and 
an instructor in animal husbandry and superintendent of the farm 
dairy at that institution for two years, has been appointed for the or- 
ganization of cow-testing associations in the Western United States 
with headquarters at Salt Lake City, Utah. 

Elliot H. Parfitt, of New York, has been appointed scientific assistant 
in dairying and assigned to cheese manufacturing investigations in the 
dairy research laboratories, taking the place of A. C. Weimar who was 
transferred to Grove City, Pennsylvania. Mr. Parfitt received his 
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degree of Associate in Agriculture from the Ontario Agricultural Col- 
lege (Guelph), 1916, and his B.S. in Agriculture from Toronto Uni- 
versity in 1918., After graduating he was appointed as lecturer in 
dairy husbandry at Ontario Agricultural College, but enlisted, Novem- 
ber, 1918, in the Medical Corps of the United States Army. In the 
fall of 1919 he was appointed instructor in dairy manufacturing at the 
Maryland Agricultural College. 




PROPORTIONING THE INGREDIENTS FOR ICE 
CREAM AND OTHER FROZEN PRODUCTS 
(THE BALANCE METHOD) 

O. E. WILLIAMS 

Dairy Division^ Bureau of Animal Industry, United States Department of 
Agriculture, Washington, D, C, 

One of the most satisfactory methods that can be used for 
proportioning the ingredients in making large ice cream mixes 
is what we have called “the balance method.” It is a method 
that can be easily understood, is applicable to all combinations 
of ingredients and reduces to a minimum the chances of error in 
the calculations. Furthermore it furni.shes an itemized record 
of the ingredients used for each mix. The proportions obtained 
by this method are based on five conditions: 

1. The amount (pounds) of njix that will be necessary to pro- 
duce the number of gallons of ice cream desired. 

2. The composition (standard) of ice cream desired. 

3. The amount of solid constituents necessary for the mix. 

4. The quantity and physical condition of the ingredients on 
hand. 

5. The composition of the ingredients to be used. 

Five examples of this method of proportioning the ingredients 
are explained as follows: 


EXAMPLK I 

Mix. Give the proportions for 350 gallons of ice cream 
testing approximately 14.5 per cent fat, 14 per cent sugar and 
6.5 per cent milk solids not fat. The weight of the ice cream 
desired is 5 pounds per gallon. 

Stock on hand. Sugar, 150 pounds of 28 per cent cream, 520 
pounds of 43 per cent cream, and skim milk. 
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lUvstration 


TOTAL POUNDS 

DBSIBSD 1750 

INGRBOIBNTS AND COMPO* 
BITION 

COMPOSITION DBSIBBD 

Fat 14.5 per cent 

Sugar 14 per cent 

m. 8. n.f. 

6.5 per cent 

Constituents neoessary 

258.75 pounds 

245 pounds 

113.6 pounds 

Constituents furnished 

pounds 


pounds 

pounds 

pounds 


Sugar 


245.0 



Cream, 28 per cent 

42.0 



492.5 

Cream, 43 per cent 

211.75 



862.5 

Skim milk, 9 per cent 




1750.0 


253.75 

245.0 

113.6 


How to determine the basic conditions 

Condition 1. To get the total number of pounds in the mix, 
multiply the desired number of gallons of ice cream by the num- 
ber of pounds expected in one gallon of the finished product. 
For instance, in the first example 5 pounds is the desired weight 
of one gallon of ice cream, hence: 

350 X 5 = 1750 pounds of mix. 

Condition 2. The approximate composition of the ice cream 
desired in the first example is 14,5 per cent fat, 14 per cent sugar 
and 6.5 per cent milk solids not fat. 

Condition 3. To find the amount of solid constituents neces- 
sary, multiply the pounds of mix by the percentage of fat, sugar 
and milk solids not fat as in the first example: 

1750 X 0.145 = 253.75 pounds of fat 

1750 X 0.14 = 245.0 pounds of sugar 

1750 X 0.065 = 113.7 pounds of milk solids not fat. 
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Conditions 4 and 5. 


Quantity and composition report 



COMPOSITION 

i 

QUANTITY ON 
BAND 

Fat 

Sugar 

m. 8. n. 

Cream 

per cent 

28 

43 

per cent 

per cent 

6.4 

5.3 

9.0 

150 pounds 

Plenty 

Plenty 

Cream 

Skim milk 



After these basic conditions are determined, write the pounds 
of mix, the percentage of constituents desired and the pounds 
of each constituent in table form and list the ingredients to be 
considered for the mix as shown in the illustrations. 

Particulars concerning example 1 

The calculations necessary in determining the proportions are 
as follows (consider the ingredients as they are listed) : 

Sugar. The amount of sugar is the same as the amount cal- 
culated for the mix since there is no cane sugar in the other 
ingredients. 

Cream {28 per cent). The 150 pounds of 28 per cent cream 
does not contain more fat than is needed, hence the entire amount 
can be used. 

Cream (43 per cent). The amount of 43 per cent cream can 
be determined by subtracting the amount of fat added by the 
150 pounds of 28 per cent cream from the total amount required 
and dividing the remainder by 0.43, thus: 

253.75 - 42 = 211.75 

211.75 -j- 0.43 = 492.5 pounds of 43 per cent cream. 

Skim milk. From this ingredient will . come the balance of the 
constituents (m. s. n. f.) of the mix. The amount required will 
be the difference between the amount of ingredients already used 
and the total (1750) pounds required. For instance, 1750 — 
(245 + 150 -f- 492.5) = 862.5 pounds of skim milk. 
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EXAMPLE 2 

Mix. Give the proportions for 500 gallons of ice cream 
testing approximately 14.5 per cent fat, 13 per cent sugar, 9 
per cent milk solids not fat and 0.5 per cent gelatin. The weight 
of the ice cream desired is 5 pounds per gallon. 

Stock on hand. Sugar, gelatin, 342 pounds of 30.5 per cent 
cream, 1608 pounds of 38 per cent cream, 720 pounds of con- 
densed milk testing 8.2 per cent fat, 42 per cent sugar and 21 
per cent milk solids not fat, and skim-milk powder. 


Illustration 


i 

TOTAli 

POUNDS 2500 

INOllEDlENTH AND COMPO- 
SITION 

FAT’ 

14 5 % . 
302 5 L.BS. 

sugar: 

13 % 

325 LBS. 

M. 8 N. r.: 
0 % 

225 LBB. 

OELiTIN: 

0 5 % 

12.5 LBS. 

pounds 


pounds 

pounds 

pounds 

pounds 

23.0 

Granulated sugar 


23.0 



12.5 

Gelatin (powdered) 




12.5 

342.0 

Cream, 30 5 per cent 

104.3 


22.0 


524.0 

Cream, 38 per cent 

199.0 


30.0 


720.0 

Condensed milk 8.2 

59.0 

302.0 

151.0 



per cent fat, 42.0 per 






cent sugar, 21.0 per 






i cent in. s. n. f. 





23.0 

Skim-milk powder 



22.0 


855.5 

Water 





2500.0 


362.3 

325.0 

226.0 

12.5 


Particulars concerning example 2 

The calculations necessary in determining the proportions are 
as follows (consider the ingredients as thdy are listed) : 

Granulated sugar. The amount of granulated sugar can not be 
determined until the condensed milk is proportioned. 

Gelatin {powder). The amount of gelatin is the same as that 
calculated for the mix. 

Cream (30.5 per cent). The 340 pounds of 30.5 per cent cream 
does not contain more than a small proportion of the fat required, 
hence the entire amount can be used. 
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Cream {38 per cent). The amount of this cream required can 
not be proportioned until after the condensed milk is propor- 
tioned since it contains 8.2 per cent fat. 

Condensed milk. The amount of sweetened condensed milk 
that can be used is limited by the amount of sugar and milk 
solids not fat it adds to the mix. The 720 pounds of condensed 
milk will add only 302 pounds of sugar and 151 pounds of milk 
solids not fat, hence the entire amount can be used. 

Granulated sugar. With the condensed milk proportioned, 
the amount of granulated sugar necessary can be determined by 
subtracting the amount added in the condensed milk from the 
total amount required, thus: 

325 — 302 = 23 pounds of granulated sugar. 

Cream (38 per cent). Now that the condensed milk is propor- 
tioned, the amount of 38 per cent cream may also be deter- 
mined. The amount is obtained by subtracting the sum of the 
fat contained in the 342 pounds of 30.5 per cent cream and the 
720 pounds of 8.2 per cent condensed milk from the total amount 
required and divide the remainder by 0.38, thus: 

362.5 - (104.3 + 59.0) = 199 

199.0 -5- 0.38 = 524 pounds of 38 per cent cream. 

Skim milk powder. From this ingredient must come the bal- 
ance of the milk solids not fat needed in the mix. This is deter- 
mined by the difference between the sum of the m. s. n. f. added 
by the crearn^ and condensed milk and the total amount required 
plus 5 per cent.’* For instance: 

225 - (22 + 30 + 151) = 22. 

22 + (0.05 X 22) = 23.1 

^ The amount of m. s. n. f. in the cream is determined by multiplying the dif- 
ference between the amount of cream used and the amount of fat it contains by 
0.093 (the amount of m. s. n. f. in the milk serum). 

* Skim milk powder contains on an average 3.6 per cent moisture and 1.5 per 
cent fat, consequently an allowance of 5 per cent is made in balancing the m. 
s. n. f. 
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Watffr. The required amount of solid constituents having 
been added, the amount of water needed will be the difference 
between the total amount of mix required and the sum of the 
ingredients used. 

The accuracy of the calculations can be ascertained by com- 
paring the sum of the figures in each column with the stipulated 
amounts placed at the top of each column. 

When this is done, the ingredients are proportioned by care- 
ful weighing. The mix is then ready to be pasteurized and 
homogenized, 

EXAMPLE 3 

Mix. Give the proportions for 350 gallons of frozen product 
testing approximately 9 per cent fat, 14 per cent sugar, 12 per 
cent milk solids not fat, and 0.5 per cent gelatin. The weight 
of the product desired is 5 pounds per gallon. 

Stock on hand. Sugar, gelatin, 150 pounds of 28 per cent 
cream, 480 pounds of 34 per cent cream, skim milk, and 900 
pounds of condensed skim milk. 


Illustration 


TOTAL 
POUNDS 1 

1760 

INQBBOIBNTS AND COMPOSITION 

fat: 

9% 

167.6 LBB. 

suoAn: 

1.4% 

246 LBB. 

M. S. N. F : 
12% 

210 LBB. 

GELATIN : 

0 5% 
8.76 LBB 

pounds 


pounds 

pounds 

pounds 

pounds 

245.0 

Cane sugar 


245 



87.6 

Gelatin solution, 10 per cent 




8.75 

160.0 

Cream, 28 per cent 

42.0 


10.0 


340.0 

Cream, 34 per cent 

115.6 


20.8 


397.0 

Skim milk, 9 per cent 



35.8 


530.0 

Condensed skim milk, 27 per cent 



143.0 


1749.5 


167.6 

245 

209.6 

8.76 


Particulars concerning example S 

The calculations necessary in determining the proportions 
are as follows (consider the ingredients as they are listed) : 

Sugar. The amount of sugar is the same as the amount cal- 
culated for the mix since there is no cane sugar in the other 
ingredients. 
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Gelatin. The amount of gelatin solution is determined by 
moving the decimal point one place to the left, since the solu- 
tion is a 10 per cent mixture. 

Cream {28 per cent). The 15() pounds of 28 per cent cream 
does not contain more fat than is needed, hence the entire amount 
can be used. 

Cream {34 per cent). The amount of 34 per cent cream can be 
determined by subtracting the amount of fat added by the 150 
pounds of 28 per cent cream from the total amount required and 
dividing the remainder by 0.34, thus: 

157.5 - 42 = 115.5 

115.5 0.34 X 100 = 340 pounds of 34 per cent cream. 

Skim milk and condensed skim milk. From these two ingredi- 
ents must come the balance of the constituents (m. s. n. f.) of 
the mix. To find the proportions subtract the sum of the m. s. 
n. f. in the cream from the total amount required and divide 
by 927.5 the difference between the amount of ingredients 
already used and the total (1750) pounds required. 

For instance, 

210 - (10 + 20.8) = 179.2 

179.2 -7- 927.5 X 100 = 19.3 per cent solids. 

This gives the per cent of solids not fat that the additional 

927.5 pounds of mix must contain. To find the proportion of 
skim milk and condensed skim milk necessary, the ‘‘square 
method'^ is used. 

The calculations for the square method are as follows: 



18.0 total number of parts 

927.5 -4- 18 « 51.53 

51.53 X 7.7 » 396.78 pounds of skim milk 
51.53 X 10.3 « 530.75 pounds of condensed skim milk 
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The accuracy of the calculations can be ascertained by com- 
paring the sum of the figures in each column with the stipulated 
amounts placed at the top of each column. 

When this is done the ingredients are proportioned by care- 
ful weighing. The mix is then ready to be pasteurized and 
homogenized. 

EXAMPLE 4 

Mix, Give the proportions of the following ingredients neces- 
sary for 280 gallons of a frozen product testing approximately 
10 per cent fat, 8 per cent sugar, and the equivalent of 6 per cent 
additional sugar in the form of maltose sugar syrup and corn 
syrup, 3 10 per cent milk solids not fat, and 0.5 per cent gelatin. 
The weight of the product desired is 4.5 pounds per gallon. 

Stock on hand. Sugar, gelatin, maltose sugar syrup and corn 
syrup, cream (221 pounds of 40 per cent, 80 pounds of 35 per 


Illustration 


TOTAL POUNDS 
DBBIRKD, 1200 

INORCDIUNTS AND COMPO- 
SITION 

fat; 

10% 

126 LBS. 

sugar: 

8% 

101 LBS. 

M 8 N. r.: 
10% 

126 LBS. 

oblatin : 

0 5% 

6.3 LBS. 

pounds 


pounds 

pounds 

pounds 

pounds 


Granulated sugar (cane) 





63.0 

Gelatin solution, 10 per 




6.3 

J 

cent 





161.0 

"Syrup, 80 per cent 






solids 





80.0 

Cream, 35 per cent 

28.0 





82.0 

Cream, 24 per cent 

19.6 





. 78.0 

Cream, 29.5 per cent 

23.0 





64.0 

Cream, 28 per cent 

17.9 



^ Jo.o 


73.0 

Cream, 19 per cent 

13.8 

A 




69.0 

Cream, 40 per cent 

23.6 





262.6 

Condensed skim milk, 


101.0 

63.0 



25 per cent m.s. and 






40 per cent sugar 





35.6 

Skim milk powder 



34.0 


322.0 

Water 





1260.0 


126.9 

101.0 

126.8 

6.3 


» Maltose sugar syrup and com syrup are only half as sweet as cane sugar; con- 
sequently to replace the 6 per cent sugar it is necessary to use 12 per cent syrup. 
The solids in the syrup weigh about 121 pounds. 
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cent, 82 pounds of 24 per cent, 78 pounds of 29.5 per cent, 64 
pounds of 28 per cent, and 73 pounds of 19 per cent), condensed 
sweetened skim milk testing 25 per cent m. s. n. f. and 40 per 
cent sugar, and skim milk powder. 

Particulars concerning example 4 

The calculations necessary in determining the proportions are 
as follows (consider the ingredients as they are listed) : 

Granulated sugar. The amount of granulated sugar can not 
be determined until the condensed milk is proportioned. 

Gelatin. The amount of gelatin solution is determined, as in 
example 3, by moving the decimal point one place to the left, 
since the solution is a 10 per cent mixture. 

Syrups. The amount of syrup is determined by multiplying 
1260 by the percentage desired, thus: 

1260 X 0.12 = 151.2 pounds of syrup. 

Cream. Since all the different lots of cream are used except 
the lot testing 40 per cent, the sum of the first five lots will add 
102.3 pounds of fat to the mix and the balance is determined by 
dividing the difference between 126 pounds and 102.3 pounds 
by the percentage of fat in the sixth lot, thus: 

126.0 - (28 + 19.6 + 23 + 17.9 + 13.8) = 23.6 
23.6 0.40 = 59.0 pounds of 40 per cent cream. 

Condensed skim milk. The amount of condensed milk that 
can be used is limited by the amount of sugar it will add to the 
mix. Dividing the amount of sugar needed in the mix by the 
per cent of sugar in the condensed milk will give the amount of 
condensed milk that can be used, thus: 

101 -T- 0.40 == 252.5 pounds of condensed skim milk. 

Granulated sugar» Since the required amount of sugar is 
added with the condensed milk, no granulated sugar is needed. 

Skim milk powder. The amount of skim milk powder is 
determined by subtracting the sum of the m. s. n. f. added by 
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the cream^ and the condensed milk from the total amount 
required plus 5 per cent® thus: 

126 - (28.8 + 63) - 34 
34 + (34 X 0.05) - 35.7 

Water. The required amoimt of solid constituents having 
been added the amount of water needed will be the difference 
between the total amount of the mix required and the sum of the 
ingredients used. 

The accuracy of the calculations can be ascertained by com- 
paring the sum of the figures in eiach column with the stipulated 
amounts placed at the top of each column. 

When this has been done the ingredients are proportioned by 
careful weighing. The mix is then ready to be pasteurized and 
homogenized. 

EXAMPLE 5 

Mix, Give the proportions for 220 gallons of a frozen prod- 
uct testing approximately 10 per cent fat, 14 per cent sugar, 
10 per cent milk solids not fat, and 0.5 per cent gelatin. The 
weight of the product desired is 4.5 pounds per gallon. 

Stock on hand. Sugar, gelatin, cream 33 per cent, condensed 
milk testing 10 per cent fat, 22 per cent m. s. n. f. and whole 
milk testing 3,6 per cent fat. 


Illustration 


TOTAl, POUNDS, 

990 

INOUEDIKNTS AND COMPO- 
SITION 

fat: 

10 % 

99 DBS. 

sugar: 

14 0 % 

138 5 DBS. 

M. S N. F ; 
10% 

90 DBS. 

okdatin: 

0 . 6 % 

4.95 DBS. 

pounds 

138.5 

49.5 

184.0 

368.0 

250.0 

Sugar 

Gelatin solution, 10 per 
cent 

Cream, 33 per cent 
Whole milk, 3.6 per cent 
Condensed milk, 10 per ; 
cent fat, 22 per cent 
s. n. f. 

pounds 

60.7 

13.2 

25.0 

pounds 

138.5 

« 

} 

pounds 

44.5 

55.0 

pounds 

4.95 

989.0 


98.9 

138.5 

99.5 

4.95 


^ The amount of m. s. n. f. in the cream is determined by multiplying the dif- 
ference between the amount of cream used and the amount of fat it contains by 
0.093. 

s Skim milk powder contains on an average 3.5 per cent moisture and 1.5 per 
cent fat, consequently an allowance of 5 per cent is made in balancing the m. 
8. n. f. 
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Particulars concerning example 5 

The calculations necessary in determining the proportions are 
as follows (consider the ingredients as they arc listed) : 

Sugar. The amount of sugar is the same as the amount cal- 
culated for the mix, since there is no cane sugar in the other 
ingredients. 

Gelatin. The amount of gelatin solution is determined by 
moving the decimal point one place to the left, since the solution 
is a 10 per cent mixture. 

Cream (SS per cent). The amount of cream can not be pro- 
portioned until after the condensed milk is proportioned, since 
it contains 10 per cent fat. 

Whole milk (S.6 per cent.) Temporarily omitted for the same 
reason. 

Condensed milk. The amount of condensed milk necessary in 
this case is determined by using a rough estimate (see page 451). 
From this estimate it is found, that 250 pounds is about the 
correct amount, thus: 

990 - (138.5 + 49.5 -b 250) = 552 
552 - (99 - 25.0) = 478 
478 X 0.093 = 44.5 

44.5 -f 55 = 99.5 pounds of milk solids not fat. 

Cream {33 per cent) and whole milk {3.6 per cent). From 
these two ingredients must come the balance of the constituents 
(fat and solids not fat) of the mix. To find the amount of each, 
subtract the amount of fat added by the condensed milk from 
the total amoimt required and divide by 552, the difference 
between the amount of iugredients already used, and the total 
(990) pounds required, thus: 

99 - 25 = 74 

74 4- 552 X 100 = 13.4 per cent fat in 552 pounds of milk. 
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This gives the per cent of fat that the additional 652 pounds of 
mix must contain. 

To find the proportions of cream and whole milk that are 
necessary the ^‘square method'’ is used. 

The calculations for the ^'square method" are as follows: 


33 


3.6 


13.4 


9.8 


19.6 


29.4 total number of parts 

652 29.4 = 18.78 

18.78 X 9.8 = 184.0 pounds of cream 
18.74 X 19.6 368 pounds of whole milk 

The accuracy of the calculations can be ascertained by com- 
paring the sum of the figures in each colmnn with the stipulated 
amounts placed at the top of each column. 

When this has been done the ingredients are proportioned by 
careful weighing. The mix is then ready to be pasteurized and 
homogenized. 

ROUGH ESTIMATES 

Whenever a mix is made from an unlimited quantity of con- 
densed whole milk the amoimt of condensed milk required is 
determined by first making a rough estimate. For instance, in 
example 6, we do not know what part of the total amount of 
milk solids not fat of the mix must comte from the condensed 
milk, so we try what we think is about the right amount. In 
this case the figure taken to begin with was 220 pounds. This 
figure is taken because from experience we know that about 50 
per cent of the m. s. n. f. in the mix must come from the con- 
densed milk. That quantity divided by 22 (the per cent of 
m. s. n. f. in the condensed milk) shows that it wilj require 
about 220 pounds of the condensed milk. This amoimt would 
add 24.2 pounds of fat and 48.4 pounds of m. s. n. f. to the mix. 
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To tell whether or not this is tight simply take the difference 
between the total amount of ingredients already calculated 
(that is, the pounds of sugar, gelatin, and condensed milk) and 
the total weight of the mix and subtract the difference between 
the fat used in the condensed milk and the total amount required 
to find the amount of milk serum. Then multiply this figure 
by 9 to get approximately the amount of milk solids not fat that 
will come from the milk and cream, and the sum of the two will 
indicate whether the proportions are correct, thus: 

990 — (138.5 + 49.5 + 220) = 542 pounds of milk and cream 
542 — (99 — 24.2) = 466.0 pounds of milk serum 
466 X 0.093 = 43.3 pounds of m. s. n. f. from serum 
43.3 + 48.4 = 91.7 pounds of m. s. n. f. in mix. 

The total amount of m. s. n. f. lacks about 7 pounds, so we 
increase the amount of condensed milk 30 pounds, or to 250 
pounds, which gives practically the right amount, as shown in 
the table. 

In case the quantity had been increased only by 20 pounds, 
the figures would show about 3 pounds of m. s. n. f. less than 
was desired. The amount of milk and cream is then calculated 
as heretofore explained. 



A STUDY OF THE INCORPORATION OF PROTEINS IN 
CREAMERY BUTTER 

• R. W. WYANT ' 

Dairy Department, Michigan Agricultural College, Bast Lansing, Michigan 
REASONS FOR MAKING STUDY 

For many years creamery buttermakers have been operat- 
ing upon a single standard for determining the composition of 
butter. This standard, as established by the Internal Revenue 
Department, fixed the maximum moisture content of butter 
below 16 per cent (1). The moisture content was taken as a 
standard for two reasons: first, because moisture is the least 
valuable of the butter constituents, and second, the composition 
of butter, so far as moisture is concerned, is largely under control 
of the buttermaker. Therefore, a standard which limited the 
amount of moisture in butter was deemed adequate for the pro- 
tection of the consumer. 

The many supporters of a fat standard regulation maintain, 
however, that the consumer of butter is paying for the fat which 
it contains and, therefore, the per cent of fat in butter is of 
greater importance to the consumer than the per cent of mois- 
ture. The logic of the foregoing statement is apparent and 
without doubt the moisture standard in addition to the fat 
standard will be finally adopted in all countries where the dairy 
industry is prominent. 

The cost of butterfat has doubled in the past three years. 
Added to the increased cost of raw material is the constantly 
increasing overhead expense of operating a creamery. Under 
these conditions it is obvious that the creamery manager must 
use all of the legitimate means at his disposal to make the great- 
est profit from the butterfat which is delivered at the factory. 
Moreover, competitive conditions compel the operator of a 
creamery to manufacture butter the composition of which is as 
near the legal limits as prudence will allow. 

452 
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The present known methods for determining some of the 
constituents of butter are inadequate for general creamery 
practice. The moisture and salt content may be accurately 
determined in any creamery by the buttermaker. These tests 
will in the future, as they have in the past, be the ones commonly 
used in the creamery laboratory. For technical reasons the 
direct determination of the fat and the protein content of butter 
must be left to the chemical laboratory. 

A recent ruling by Dr. C. L. Alsberg, Chief of the Bureau of 
Chemistry, has made the double standard effective. This rul- 
ing requires that the maximum moisture content of butter be 
less than 16 per cent and the minimum fat content be at least 80 
per cent. The single and the double standards are apparently 
substantially equivalent and it would seem that so long as adul- 
terants were not used in the manufacturing process, the single 
or moisture standard would protect the consumer from an 
inferior or less valuable product. 

As evidence of the fact that the single standard and the double 
standard are not equivalent in so far as the composition of the 
butter is concerned, the following paragraph is submitted. 

In a letter to the members, G. L. McKay, secretary of the 
American Association of Creamery Butter Manufacturers, 
reports a conversation with Dr. Alsberg, Chief of the Bureau of 
Chemistry, in which he states: 

I personally called his attention to the fact that there is at least 25 
per cent of the butter now in storage that would be lower than 80 per 
cent fat, and it would be a serious problem for the dairy business to 
have his department go out and seize this butter. 

Without question this storage butter referred to by Mr. 
McKay was legal butter as defined under the moisture standard 
regulation, that is, this butter contained less than 16 per cent 
moisture. Moreover, this butter represented normal creamery 
butter manufactured according to modem methods. These 
facts suggest that the percentage of the constituents of butter 
other than fat and moisture is of considerable importance. 
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Butter contains the following commercial constituents: fat 
moisture, salt, and curd. The fat content and the moisture 
content are fixed at 80 and 16 per cent respectively. The other 
constituents of butter must come within the remaining 4 per cent 
provided the law is not violated or good factory practice abused. 
A moderately salted butter contains about 3 per cent salt. 
Some markets prefer a heavier salt while others demand a light 
salt or none at all. The average salt content of 695 samples of 
American creamery butter as reported by the Bureau of Animal 
Industry (2) was 2.15 per cent. This would still leave 1.85 per 
cent for the curd content. Keeping the other factors constant, 
3 per cent salt would leave 1 per cent for curd. This is in agree- 
ment with the analyses of the 695 samples mentioned above as 
the average curd content of this butter was 0.88 per cent. The 
fact that of the 695 samples of creamery butter analyzed the 
curd content of individual samples varied from 0.12 per cent 
to 3.41 per cent makes this problem worthy of study. 

All authorities agree that a high curd content should be 
avoided so as to insure better keeping quality of the butter. 
For these two reasons this study was undertaken. It was hoped 
that the extent of incorporation and the factors that are respon- 
sible for incorporation might be determined under factory 
conditions. 


REVIEW OF LITERATURE 

There is an abundance of published data relating to the com- 
position of creamery butter. The most comprehensive study 
was completed in 1912 by Thompson, Shaw, and Norton (2) of 
the Dairy Division and published by tfie Bureau of Animal 
Industry. A summary of this bulletin is given on the preceding 
page. Lee and Barnhart (3) of the Illinois Experiment Station 
made an extended study of the composition of creamery butter 
collected from the markets at Chicago, Elgin, and Aurora. 
These investigators found the average casein and ash content 
of the 231 samples analyzed to be 0.37 per cent. 

Nothing would be gained in this study by reviewing the entire 
published data upon the composition of creamery butter. Most 
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of the analyses were made to determine the moisture content as 
the moisture standard was effective at that time. The curd 
content of butter has been for the most part ignored. It has 
been variously reported by investigators as casein, protein, nitro- 
gen, and curd. The per cent of this constituent in butter was 
often arrived at by subtracting the sum of the percentage of 
fat, moisture, and salt from one hundred. 

Attention might be called to the results of the analyses of 
200 samples of Minnesota creamery butter as reported by James 
Sorensen, State Dairy and Food Commissioner (4), and tabulated 
by McKay (5). The curd content of this butter, calculated by 
difference, varied from nothing to 10.42 per cent. 

The following review of literature is not by any means exhaus- 
tive. The results of the principal investigations upon the rela- 
tion of curd to the keeping quality and composition of butter 
are given together with comments by several of the leading 
authorities. 

Guthrie (6) states, “The amount of washing that butter 
receives and the quality of the wash water is important. From 
the physical standpoint butter must be washed because the brine 
should be clear and not milky. From the bacteriological view- 
point the buttermilk should be washed out so that the bacteria 
will be deprived of it as a food.” 

According to Jensen (7) “lactic acid bacteria were found to 
multiply much more rapidly in unwashed than in washed butter.” 

Thom and Shaw (8) add that “excess curd in butter favors 
mold growth and if the butter is properly washed it is less sub- 
ject to the mold.” 

McKay and Larsen (9) after extended study and observation 
conclude that “butter should not be over churned in the butter- 
milk as too much curd and milk sugar are incorporated. This 
cannot readily be removed and in many instances it injures the 
flavor and keeping quality of the butter.” 

McKay and Larsen further discuss the effect of curd upon the 
keeping quality and composition of butter: 
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According to the present methods of manufacture, water, salt, and 
fat are the components most likely to vary. Casein varies very little. 
Occasionally the curd content may go as high as 4 per cent. It rarely 
exceeds 2 per cent and seldom falls below 0.5 of 1 per cent. A high 
curd content will show itself in the butter in the form of a milky brine 
or in the form of white specks. If there is less than 2 per cent curd 
present in the butter, the brine shows no noticeable milkiness. More 
than that much curd can, as a rule, be detected from the color of the 
brine. If the casein or the curd has been incorporated in the form of 
small lumps or specks, then abnormal amounts of curd appear. When 
the sample of butter is taken for analysis such a speck of curd present 
in .the sample raises the final curd content to a comparatively high 
figure. As has been mentioned before, the curd and milk sugar are 
incorporated from the buttermilk into the butter during the churning. 
In manufacturing butter for storage these substances should be excluded 
from the butter as thoroughly as possible. The milk sugar and albu- 
minoids constitute the chief food for bacterial growth. 

Michels (10) believes ^^one washing in which as much water 
is used as there was cream is usually sufficient. When butter 
chums very soft two washings may be advantageous.^^ 

Wing (11) advances a reason for the variation in casein con- 
tent by stating the ^‘higher the temperature at which the cream 
is churned, the more casein will be incorporated with the butter.'^ 
Wing concludes without giving any reason that the percentage 
of casein in butter should not exceed 4 per cent. 

Mortensen, Gaessler, and Cooper (12) believe ‘Hhe pasteuriza- 
tion of sour cream affects the percentage of protein in the butter, 
as the casein in the presence of the acid is hardened and thrown 
into clumps known as curd particles th^t are quite readily 
removed in the draining and washing of butter. 

Stocking (13) concludes '‘the purpose of washing butter is 
to remove the buttermilk'^ without giving any reason either for 
or against a small amount of curd in the finished butter. 

Hunziker (14) concludes: 

In the case of the tme cmd of butter the percentage of curd fluc- 
tuates between about 0,5 per cent and one per cent, averaging about 
from 0.6 to 0.7 per cent, provided that the butter is washed in a normal 
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manner. Butter made from sweet cream and unsalted butter, has a 
slightly higher curd content than butter made from ripened cream and 
butter that was salted. Butter that is only very slightly washed con- 
tains more curd than butter in the manufacture of which the churn is 
stopped when the granules are very small and which is washed very 
thoroughly. Butter that is not washed at all usually contains from 
about 1 to 1.5 per cent curd. 

THEORETICAL DISCUSSION 

The principal nitrogenous compounds of milk are casein and 
albumin. There are, however, several other proteins in milk 
studied by Storch (15) which have properties unlike either casein 
or albumin. These occur in very small amounts and are, there- 
fore, not of great importance commercially. The albumin of 
milk is in a true solution (IG). It likewise occurs in small 
amounts and is not of commercial importance. The chief 
nitrogenous compound of milk is the casein. Jt exists in milk 
in combination with certain calcium salts in the form of extremely 
minute gelatinous particles in suspension. Casein is insoluble 
in water and is precipitated by heat in the presence of dilute 
acids or acid salts (17). In the process of cream separation 
most of the casein is thrown out as skim milk. The remaining 
portion is thrown out with the fat and these two constituents 
with the lactose make up the principal solid material in cream. 
A cream low in fat must, therefore, be high in casein. 

The preliminary treatment cream receives in the pasteuriza- 
tion and ripening process before churning tends to precipitate 
the casein. The degree of precipitation depends upon the 
duration and intensity of the heat used and the acidity of the 
cream (14). Thus when the cream is placed in the chum the 
casein is in a fine granular condition and with the fat globules 
forms an emulsion (18). 

As the cream is agitated during the churning process the indi- 
vidual fat globules coalesce forming a globule of larger size. A 
continuation of the agitation forms butter granules and when the 
granules are about 50 mm. in diameter the churning is complete. 
While the granule is forming small particles of casein or other 
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nitrogenous compounds are mechanically incorporated which 
cannot be removed by subsequent washing. The casein that 
adheres to the outside of the granule or is held mechanically in 
pockets between the granules may be removed by careful wash- 
ing and draining. 

Casein particles may be present in butter in two forms. The 
small minute particles, referred to in the preceding paragraph, 
are invisible and can only be seen when large numbers are sus- 
pended in water, forming a milky brine. Under certain condi- 
tions of manufacture where the cream is allowed to sour and 
become lumpy and is then pasteurized, the lumps of curd are 
hardened, due to the action of heat in the presence of acid. 
These lumps may remain intact during churning and be finally 
incorporated, producing the characteristic speckled’^ butter 
sometimes found on the market. This butter shows defective 
workmanship and would hardly be termed normal because 
modern buttermakers know how to avoid this condition. With- 
out question some of the analyses showing a high percentage of 
curd were made from this inferior product. In this study only 
butter made according to present day knowledge will be con- 
sidered normal. 

In a previous paragraph the fact that some confusion exists 
as to the definition of the word curd is mentioned. Curd is 
usually defined as the remaining constituents of butter which 
are not included under the terms fat, moisture, and salt. It 
consists mainly of casein, albumin, lactose, lactic acid, and ash. 
McKay and Larsen (9) state ‘*in the analysis of butter the milk 
sugar is usually included with the proteids (curd) and the ash 
is reckoned with the salt.” * 

Guthrie (6) says, ^^The curd of modem butter contains very 
little if any albumin, for it is taken out in the washing. The 
curd, therefore, is largely casein.” 

Lee and Barnhart (3) express this constituent of butter as 
casein and ash. Mortensen, Gaessler, and Cooper (12) report 
this constituent as protein. Thom and Shaw (8) state '*The 
curd is equal to the nitrogen times the factor 6.38.” Thompson, 
Shaw, and Norton (2) state, '‘The term curd includes the lac- 
tose and ash.” 
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It wiU be seen from the foregoing statements that an accepted 
or recognized definition of curd has not been established. For 
this reason the term protein (nitrogen times 6.38) is used through- 
out this paper. 


EXPERIMENTAL WORK 

In order to determine the extent that the nitrogenous com- 
pounds of milk may be incorporated in butter under factory con- 
ditions .a number of churnings were made. By varying the 
methods of churning, washing, and draining an attempt was 
made to find the amount of nitrogenous substances which might 
be added to the butter and the conditions which influence their 
incorporation. 

One vat of cream was used for each experiment. After the 
preliminary vat treatment, as outlined in the vat record, the 
cream was divided into two churnings. One churning was 
handled according to good factory methods and served as a 
check, being normal creamery butter. The remaining portion 
of the cream was handled so as to make a possible variation in 
the protein content of the finished butter. The following varia- 
tions from the normal were used: 

1. Unwashed butter. 

2. Working butter in buttermilk. 

3. Over churning in the presence of buttermilk. 

4. Churning at high and low temperatures. 

5. Adding starter after churning. 

A vat and churn record was completed for each experiment. 
The duplicate lots of butter were sent to market to find if any 
variation in score or selling price of the butter would be made. 

METHOD OP SAMPLING 

When the butter was completely finished and ready to put 
into tubs small samples were taken from at least twelve parts 
of the chum. These were placed in a glass jar and covered. 
The covers were made air tight by dipping in melted paraffin. 
The samples were then held at 10®F. until analyzed. When 
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ready for analysis the jars were placed in a water bath at 75- 
SO’T. until the butter was soft enough so that it could be thor- 
oughly stirred and mixed until of salvy consistency. 

METHOD OP ANALYSIS 

A number of preliminary samples were analyzed to determine 
the protein content according to official and optional methods. 
The optional method recommended by Leach (19) was finally 
adopted for this work. This method was as follows: About 10 
grams of the properly mixed sample were weighed on an ana- 
lytical balance into a tared, flat aluminum moisture dish. The 
moisture was evaporated from the sample by heating on a hot 
plate at 100®C. until bubbling ceased. The contents of the dish 
were then cooled and 50 cc. of petroleum ether were added. 
The contents of the dish were next washed with petroleum ether 
on to a filter paper and the residue washed approximately free 
from fat with repeated washings of petroleum ether. The 
residue was then allowed to dry on the filter paper which was 
then transferred to a Kjeldahl digestion flask and the nitrogen 
determined according to the Gunning (20) method. The protein 
was calculated as follows: 

Nitrogen X 6.38 , . . 

; 7 — r- X 100 equals per cent of protein. 

Amount of sample 

In all cases triplicate determinations of each sample were made. 

METHOD OF CHURNING 

The normal churnings in the following experiments were made 
according to a standard method and represent butter manufac- 
tured under modern factory conditions. As these churnings 
were made during the winter and spring months a variation in 
churning temperature was necessary, due to the seasonal change 
in the composition of butterfat. The chief variation between 
the normal and special churnings was in the washing, working, 
and draining of the butter. The standard method used in all 
normal churnings was as follows: WTien the butter granules were 
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about 50 mm. in diameter the buttermilk was drawn off and, 
using a hose, water was sprayed over the butter and allowed to 
drain out through the open churn gate. Enough wash water 
was used in this manner to free the churn and butter granules 
from excessive buttermilk. When the wash water was but 
slightly turbid the churn gate was closed and enough water was 
added to the churn to float the butter. The churn was revolved 
several times, without the workers, to wash the butter granules. 
"'Fhe workers were then engaged and the butter worked in the 
wash water several revolutions of the churn. The water was 
drawn off first through the churn gate and finally carefully 
drained through the partly opened churn cover. The butter 
was then tested for moisture, salted, and finished. 

The special churnings in this experiment (table 1) were handled 
in the same manner as the normal churnings until the churning 
process was complete. The buttermilk was then drawn off 
through the churn gate as completely as possible and the butter 
carefully drained from unincorporated buttermilk by revolving 
the churn several times and allowing the buttermilk to drain out 
of the partly opened churn cover after each revolution. The 
butter was then salted and finished without washing. The 
butter of the special churnings compared favorably as to flavor, 
body and color with the butter of the normal churnings which 
were made from the same vat of cream. 

The special churnings in this experiment (table 2) were han- 
dled to the end of the churning process in the same manner as 
the normal churnings. Then one-half of the buttermilk was 
drawn off and the butter worked in the buttermilk. The remain- 
ing buttermilk was drawn off as thoroughly as possible through 
the churn gate and then carefully drained by revolving the 
churn several revolutions and allowing the buttermilk to drain 
out through the partly opened churn cover. When most of the 
unincorporated buttermilk had been removed in this manner, 
the butter was salted and finished without washing. The body 
and flavor of the butter in the special churnings were similar to 
that of the normal churnings which were made from the same 
vat of cream. 



TABLE 1 
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VAT 4 

Normal 

Good 

841 

35 

0.47 

0.34 

145 

45 

3 

49 

50 

56 

2 

56 

13 

44 

Gate and 
cover 

0.4372 

Special 

Good 

841 

35 

0.47 

0.34 

145 

1 ^ 

3 

49 

45 

55 

None 

None 

26 

Gate and 
cover 

0.5252 

VAT 3 

Normal 

Good 

739 

34 

0.48 

0.25 

145 

45 

20 

53 

18 

56 

2 

54 

9 

35 

Gate and 
cover 

0.3782 

Special 

Good 

739 

34 

0.48 

0.25 

j 

1 145 

45 

20 

53 

25 

56 

None 

None 

25 

Gate and 
cover 

0.5505 

VAT 2 

Normal i 
Good 

797 

40 

0.33 

0.33 

145 

44 

2 

48 

30 

56 

2 

56 

I 7 

25 

Gate and 
cover 

0.3155 

Special 

Good 

797 

40 

0.33 

0.33 

145 

44 1 

2 

48 

30 

56 

None 

None 

15 

Gate and 

cover 

0.4542 

VAT 1 

Normal 

Good 

804 

40 

0.42 

0.28 

145 

45 

3 

50 

28 

58 

2 

58 

12 

47 

Gate and 

cover 

0.4012 

Special 

Good 

804 

40 

0.42 

0.28 

145 

45 

3 

50 

20 

57 

None 

None 

35 

Gate and 
cover 

0 5406 


Churning 

Condition of cream 

Pounds of cream in chum 

Per cent of fat in cream. . 

Per cent of acid before neutrali- 
zation 

Per cent acid at the churn 
Temperature of pasteurization for 

30 minutes, 

Temperature held in vat, "F.. 

Time held in vat^ hours 

Churning temperature, ®F . . . . 

Churning time, minutes 

Temperature of buttermillg °F. . . . 

Times washed 

Temperature of wash water, ®F... . 
Revolutions worked in wash water 

Total revolutions worked 

Method of draining 

Per cent of protein 



To determine the effect upon the protein content of the finished butter by working the butter in the buttermilk; vat and churn record 
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VAT 3 

Normal 

Good 

694 

42 

0 32 
0.33 

145 

45 

20 

56 
! 15 

1 58 

2 

58 

6 

None 

19 

Gate and 

cover 

0.3676 

Special 

Good 

694 

42 

0.32 

0.33 

145 

45 

20 

56 

25 

59 

None 

; None 

20 

35 

Gate and 

cover 

0 5166 

VAT 2 

Normal 

Good 

834 

37 

0 36 

0.31 

145 

45 

17 

56 

20 

: 58 

2 

58 

1 5 

None 

I 20 

Gate and 

cover 

0 3476 

Special 

Good 

834 

37 

0 36 

0 31 

145 

45 

17 

56 

25 

58 

None 

None 

10 

40 

Gate and 

cover 

0 5004 

VAT 1 

i Normal 
Good 
i 784 

30 

0 36 

0 35 

145 

45 

2 

49 

25 

57 

2 

56 

5 1 

None ! 
24 

Gate and 

cover 

0 4189 

Special 

Good 

784 

30 

0 36 

0 35 

145 

45 

2 

49 

50 

1 58 

None 

None 

10 

46 

Gate and 

cover 

0.5562 1 
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TABLE 3 


To determine the effect of adding starter to the butter upon the protein content of tho 
finished butter; vat and churn record 



VAT 1 

Churning 

Special 

Good 

Normal 

Condition of cream 

Good 

Pounds, of cream in churn 

587 

587 

Per cent of fat in cream 

38 

38 

Per cent of acid before neutralization 

0.40 

0.40 

Per cent acid at the churn 

0.30 

0.30 

Temperature of pasteurization for 30 minutes, ®F 

Temperature held in vat, °F 

145 

45 

145 

45 

Time held in vat, hours 

16 

16 

Churning temperature, ®F 

54 

54 

Churning time, minutes 

15 

20 

Temperature of buttermilk, ®F 

56 

56 

Times washed 

1 

2 

Temperature of wash water, °F 

56 

56 

Revolutions worked in wash water 

None 

6 

Revolutions worked after adding starter 

10 

None 

Total revolutions worked 

23 

36 

Method of draining 

Gate and 

Gate and 

Per cent of protein 

cover 

0.4718 

cover 

0.3155 



The special churning in this experiment (table 3) was handled 
in the same manner as the normal churning until the butter 
granules were of the desired size. After carefully washing the 
butter granules with a spray of water from a hose, four gallons of 
ordinary starter were added to the churn. The butter was then 
w'orked ten revolutions of the chum. The excess starter was 
then drained off and the butter salted and finished without wash- 
ing. It is apparent that all of the starter which was added 
could not be incorporated without over working the butter. 

In order to determine the effect of abnormally high churning 
temperature upon the protein content of the finished butler two 
churnings were made in a ten gallon barrel churn. 

In churning number one the cream was pastemized, ripened, 
and then churned at 60° F. This butter was carefully worked 
and drained but was not washed. The body of this butter was 
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TABLE 4 


CBUKM NUMBER 

PER CENT 
BUTTER PAT 

ACIDITY 

CHURNING TIME 

MOISTURE 

PER CENT 
PROTEIN 

1 

34 

0.35 

25 

17 

0.4900 

2 

18 

0.80 

20 

20 

0.5915 


somewhat weak but represented a good quality of farm dairy 
butter. 

The cream for the second churning was placed at 70° F. for 
four days and allowed to ripen spontaneously. The cream was 
pasteurized and then churned at 65° F. When the churning was 
complete the buttermilk was nearly all removed and the butter 
was worked to incorporate as much buttermilk as possible. This 
butter was not washed. The butter in this churning repre- 
sented an unsatisfactory grade of farm dairy butter. 

The number of churnings in the foregoing experiments are 
not extensive enough to be conclusive but the results obtained 
from the analysis of the butter were so uniformly constant that 
further churnings were not deemed necessary. 

SUMMARY 

The average protein content of the normal samples of butter 
in these experiments was 0.3727 per cent. 

The average protein content of the butter which was worked 
in the buttermilk was 0.5264 per cent. 

The average protein content of the unwashed butter was 
0.5177 per cent. 

The average loss of protein due to washing the butter was 
0.1450 per cent. 

The protein content of the unwashed butter, churned at 
abnormally high temperature, was 0.5407 per cent. 

The protein content of the butter to which starter had been 
added was 0.4718 per cent. 

Nitrogenous compounds were not incorporated in the butter 
to any appreciable extent by using the methods of manufacture 
followed in these experiments. 
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One per cent was found to be sufficient allowance for all 
the constituents of butter which may be classified under the 
term curd. 

By incorporating 15.5 per cent moisture and allowing 1 per 
cent for curd as much as 3.5 per cent of salt may be incorporated 
without reducing the fat content of the butter below 80 per cent. 

No difference in score or selling price of the duplicate lots of 
butter was made upon the Chicago market. 

Speckled butter was not found in any of the samples. 

Milky brine was not found in any samples of the finished 
butter. 

With the exception of one churning the keeping quality of 
the washed butter was slightly better than that of the unwasshed 
butter. 


CONCLUSION 

Excessive overrun is probably due to the incorporation of 
moisture and not to curd under modem factory conditions. 
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FACTORS INFLUENCING THE VISCOSITY OF 
SWEETENED CONDENSED MILK 

L. A. ROGERS, E. F. DEYSHER and F. R. EVANS 

From the Research Laboratories of the Dairy Division, United States Department of 

Agriculture 

In preparing sweetened condensed milk for the market it is 
essential that the viscosity shall not vary beyond certain limits. 
It must be sufficiently viscous to give the milk a smooth creamy 
consistency, but should not become, at any stage, so thick that 
it will not flow freely. There is, however, a tendency for con- 
densed milk to gradually become thicker on standing until in 
some cases it acquires a jelly-like consistency and will not flow' 
from the can. Two types of thickening may be distinguished 
by superficial examination. In one the thickening is not uni- 
form throughout the can but usually begins at the top and 
gradually extends downward until the entire can is affected. 
The curd is of a pasty texture and when mixed with water, 
remains in the form of insoluble flecks. This type of curd is 
usually associated with unpleasant changes in flavor and odor 
and is undoubtedly due to the action of bacteria. 

In the type of thickening with w'hich this paper is concerned 
the increase in viscosity proceeds uniformly throughout the can, 
and there is no marked change in flavor. No real curd is formed 
and the thickened milk can be mixed with water without the 
separation of definite flecks. In the earlier stages agitation will 
restore the milk, partially at least, to its original fluid condition, 
but in time it takes on a jelly-like consistency which can not be 
removed. There are many reasons for believing that this slow 
change which takes place sooner or later in all condensed milk is 
not due to the growth of bacteria. The fact that no correlated 
bacterial multiplication has been detected is not conclusive, 
although it can be admitted as negative evidence. Other evi- 
dence which will be brought forward in this paper leads us to 
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believe that it is a physical change in the milk controlled by 
various factors in which bacteria have no direct part. 

The full explanation of these changes requires a knowledge of 
the physical chemistry of a highly complex fluid, a knowledge 
which is still inadequate. It is possible, however, to determine 
by empirical methods some of the factors influencing these 
changes without attempting to explain the nature of the change 
itself. 


EXPERIMENTAL METHODS 

The condensed milk used in these experiments was made for 
the most part in balloon flasks of about 10 liters capacity. Three 
of these flasks were suspended in a common water bath and 
each connected through a condenser and a graduated receiver 
with a pump giving a vacuum of about 28 inches. Stopcocks 
permitted the milk to be drawn slowly into the flasks. On the 
whole the equipment simulated very closely the commercial 
process, but permitted the manufacture of three batches at 
once from the same lot of milk with a very accurate control 
of the product. Knowing the composition of the raw milk, the 
amount of water to be removed to obtain any desired composi- 
tion could be calculated and the water distilled measured roughly 
on the graduated receiver. The final point at which the con- 
densation was stopped was determined by disconnecting the 
flask from the apparatus and weighing on a balance accurate to 
10 grams. The usual batch was 3500 grams of raw milk. Unless 
otherwise stated skim milk was used, because by eliminating the 
fat in the milk the product was made slightly less complicated. 
The milk was produced on the Dairy Division farm and was of 
good quality. 

The finished milk was cooled by rotating the condensing flask 
slowly in a tank of water starting with the water at the tempera- 
ture of the milk and cooling it slowly to about 20®C. (68® F.) 
In addition to this laboratory equipment the laboratory is pro- 
vided with a small pan having a capacity of about 15 gallons of 
finished product. This equipment is identical in its arrangement 
with that of the ordinary condensery except that in place of the 
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usual spray condenser a surface condenser provides for the 
collection and measurement of the distillate. The condensed 
milk was held in ordinary soldered-cap baby-size cans, and was 
stored at 30®C. (86® F.) This temperature represents the 
extreme rather than the normal condition, but was adopted 
because it increased the rapidity of the change and gave quicker 
results. 

The viscosity of the finished milk was measured in a viscosi- 
meter designed by Dr. Clark of this laboratory. It consisted 
esentially' of a heavy brass cylinder suspended by a steel wire 
in a larger cylinder which was revolved by an electric motor held 
automatically at a constant speed. The revolving cylinder was 
water- jacketed and held at a temperature of 40®C. (104® F.) by 
a thermostat and electric heater. The milk was warmed to 
40®C. (104^ F.) before it was transferred to the viscosimeter. 
The rotation of the suspended cylinder due to the viscosity of 
the milk was read from a pointer moving over a graduated 
circle, or for the more minute changes by a telescope reading a 
scale reflected in a small mirror set in the top of the cylinder. 

Unless otherwise stated the viscosimeter readings given in the 
tables are in degrees indicated by the pointer, which have a 
value about twice the degrees of the telescope scale. The read- 
ings have not been standardized and have a relative value only. 
Normal condensed whole milk should give a reading of 5 to 12 
degrees on the pointer or 10 to 24 degrees on the telescope scale. 

FACTORS WHICH APPARENTLY DO NOT AFFECT VISCOSITY 

There are certain steps in the usual process of making con- 
densed milk which might reasonably be expected to have an 
influence on the viscosity but which so far as we have been able 
to determine have in fact little or no effect. In consideration 
of the well-known catalytic action of salts of copper and its 
detrimental effect in certain other dairy products, it would not 
be unreasonable to suppose that it would have some influence on 
condensed milk. Experiments in which the milk was heated by 
steam forced through a coil of small copper tubing and others in 
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which copper salts were added directly to the milk failed to show 
any increase in viscosity over the check. 

Sweetened milk is not usually homogenized, but it may be of 
some interest to state that, while this has the effect of increasing 
the initial viscosity it is without appreciable effect on the pro- 
gressive increase in viscosity. This is shown by table 1 which 
gives the result of an experiment in which one half of a batch of 
milk was homogenized at 3000 pounds pressure. The initial 
viscosity of the homogenized lot was higher than the check, but 
there was no marked difference in the rate at which it increased 
in the two samples. 

TABLE 1 


Effect of homogenizing on viscosity. Milk solids 28 per cen/, fat 7.76 per cent, fore- 
warfning temperature 63°C. {146.4° F.) storage temperature, 30*^C. {86° F.) 


A«B 

1 

NOT HOMOOENIZnP 

HOMOGENIZED AT 3000 POUNDS 
PRESSURE 

days 

rotation^ degrees 

rotation t degrees 

1 

3.4 

8.8 

8 

3.6 

12.8 

15 

5.0 

18.3 

31 

13.1 

18.6 


Notwithstanding the fact that the milk is exposed for the 
greater part of the condensing process to a high vacuum, the 
milk in the cans contains a considerable proportion of air from 
which the oxygen disappears in about two weeks. Evidently 
the oxygen combines with some constituent of the milk and it 
is not unreasonable to suppose that it may have some effect on 
the viscosity. We have been unable, however, to find that it 
has any appreciable effect. Table 2 shows the progressive 
change in viscosity in a lot of condensed skim milk one-half of 
which was sealed in cans in the usual way at atmospheric pres- 
sure. The remainder was drawn slowly into an evacuated flask 
to remove the greater part of the contained air, and transferred 
at once to glass bulbs holding about 150 cc. 

These bulbs were evacuated by a Geryk pump which reduced 
the pressure rapidly to a fraction of a millimeter. At this very 
low pressure there was considerable ebullition of the milk, due 
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possibly to the escape of water vapor. The neck of the bulb 
was sealed off. At 30'’C. (86' F.) the change in viscosity was so 
slight that it could be measured with the telescope throughout 
the storage period and was practically identical for the bulbs 
and the cans. 

TABLE 2 


Influence of contained air on viscosity. Milk solids 26 per ccnt^ forewarming 
temperature SS'^C. F.), storage temperature SO^C. (86^ F.) 


AGE 

CANS SEALED AT ATMOSPifEKlC 
PRESBUItE 

EVACUATED BULBS 

days 

rotation, degrees* 

rotation, degrees* 

4 

2.1 

2.1 

18 

3.1 

2.5 

33 

3.6 

2.9 

67 

4.8 

4.3 

88 

7.6 

9.3 

116 

14.2 

13.0 


* Scale. 


TABLE 3 


Influence of acidity on viscosity. Milk solids 26 per cent, fat Of forewarming 
temperature 63^0. F.)f storage temperature SO^C. {86° F.). Acidity 

increased with lactic acid 


Beforecondensino. 
After condensing.. 

pH 

6.51 

6.17 

pH 

6.41 

6.10 

pH 

6.30 

6 00 

pH* 

6.63 

6 36 

days 

rotation, degrees^ 

rotation, degrees^ 

rotation, degrees^ 

rotation, degrees^ 

2 

3.4 

3.0 

3.3 

3.6 

10 

3.4 

3.1 

3.4 

4.0 

17 

3.4 

2.8 

3.6 

4.1 

30 

3.6 

3.6 

3.8 

4.3 

68 

6.3 

4.1 

* 4.2 



* Neutralized from 6.30. 
t Scale. 


The acidity of the milk is another factor which would be 
expected to influence the viscosity. It has been shown by 
Wolfgang (1) that very ^all changes in the hydrogen ion con- 
centration have a marked effect on the viscosity of albumen 
solutions. Table 3 shows the result of an experiment in which 
the acidity of the original milk was changed by the addition of 
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lactic acid. The reaction of the milk both before and after 
condensing is shown in terms of hydrogen ion concentration as 
determined for us electrometically by Dr. Clark of this labora- 
tory. It should be remembered that the acidity varies inversely 
as the pH of Sorensen’s scale. In this experiment the acidity of 
the milk was increased from a pH of 6.51 as shown in the first 
column, to 6.30 by the addition of lactic acid. The acidity of 
the milk shown in the fourth column was neutralized from 6.30 
to 6.63 as shown in the last column. The initial viscosity of all 
of this milk was low and held almost without change for 58 
days at 30°C. There was no real difference in the viscosity of 
the various lots. In one experiment in which the reaction of the 
milk was very materially changed it became thick in the pan, 
but we have been unable to find that any variation in the acidity 
within reasonable limits has an appreciable influence on the 
viscosity. 

The cane-sugar concentration has only a minor influence on 
the initial viscosity and probably none at all on the progressive 
increase in viscosity. 

This is illustrated by the results shown in table 4 and figure 1. 
In this experiment the three lots of milk were identical except 
in the quantity of added sugar. Since the preserving action of 
the sugar is dependent on the concentration of ite aqueous solu- 
tion and not on its relation to other constituents of the milk, 
it is given in this table and elsewhere in this paper in terms of 
its solution. Obviously this is not strictly accurate, because 
we have no way of knowing what part of the water is available 
for dissolving the sugar, but on the whole it gives a much more 
satisfactory indication of the conditions than the usual way of 
expressing it as a percentage of the milk. 

In two weeks the viscosity varied slightly, but in direct 
proportion to the sugar content. The viscosity of the milk 
containing 62 per cent and 58 per cent sugar solution increased 
slightly in thirty-two days but maintained their initial relation. 
On the other hand the milk containing a 54 per cent sugar solu- 
tion increased in viscosity slowly at first but with increasing 
rapidity until at thirty-two days it was a firm jelly. The odor 
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and flavor of this milk as well as the nature of the curd indicated 
that the low sugar concentration permitted the growth of bac- 
teria which, no doubt, accounted for the greatly increased 
viscosity. 


TABLE 4 

Influence of cane^ugar concentration on viscosity. Milk solids 28 per cent, fat 0, 
forewarming temperature 48^ C . {118.4^ F.)^ storage temperature 30^ C, (86^ F,) 


AOC 

i 

CANE BUOAB CONCENTRATION 

64 per cent 

68 per cent 

62 per cent 

days 

rotation, degrees 

rotation, degrees 

rotation, degrees 

1 

1.75 

2.0 

4.0 

13 

2.5 

3.0 

7.5 

21 

10.25 

4.25 

7.5 

32 

I 

38.0 

9.0 

11.0 



Fig. 1. The Relation of Cane Sxjoab Concentration to Viscosity 

INFLUENCE OF STORAGE TEMPERATURE ON INCREASE IN VISCOSITY 

No special effort is made to store condensed milk at low tem- 
peratures, and in its transportation and sale it is frequently 
exposed to siunmer heat for extended periods. It is to be 
expected that this would tend to thicken the milk.< In table 5 
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TABLE ; 


Influence of storage temperature on viscosity. Total solids 71.77 per cent, milk 
solids 28.67 per cent, fat 8.2 per cent, forewarming temperature 76^C, (161^ F.) 


AOE 

BTOBAOE TEMPERATURE 

10-C. (SC’F) 

20*0. (68* F.) 

30*C. (86* F.) 

37*C. (98 6*F.) 

days 

rotation, degrees 

rotation, degrees 

rotation, degrees 

rotation, degrees 

1 

2.5 

2.5 

2.5 

2.5 

8 



3.0 


11 

2.5 

3.0 


12.0 

21 

2.5 

4.0 

7.0 

18.0 

31 

2.5 

4.5 

9.0 

20.0 

59 

2.5 

10.0 

15.0 

37.0 

94 

2.5 

13.0 

16.5 

38.0 

121 

2.5 

13.5 

16.7 

39.0 



Fig. 2. Influence op Storage Temperature on Viscosity 


and in fig. 2 are shown the changes in viscosity in whole milk 
held for 121 days at various temperatures. It is interesting to 
note that the milk held at 10°C. (50°F.) remained unchanged 
throughout this period. There was a slow increase in viscosity 
at 20°C. (68° F.) and at 30°C. (86° F.). An additional 7° made 
a much greater difference in the viscosity than the 20° change 
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from 10®C. (60° F.) to 30°C. (86° F.). The nature of the thick- 
ening in the milk held at 37°C, (98.6° F.) did not suggest bac- 
terial fermentation, nor have we been able to find by plating 
any evidence of bacterial growth which would account for this 
change. 

THE INPLUENCE OP THE COMPOSITION OP THE MILK ON VISCOSITY 

It is a matter of common knowledge that if milk is concen- 
trated beyond a certain point it will become thick in a short 
time. The relation of the concentration of the milk solids of 


TABLE 6 

Relation of concentration of milk solids to viscosity. Skim milk, forewarming 
temperature 80°C. (176** F.); storage temperature (86° F.) 


AOB 

MILK SOLIDS NOT FAT 

24 per cent 

26 per cent 

28 per cent 

days 

rotation^ degrees 

rotation, degrees 

rotation, degrees 

1 

2.0 

3 

5.25 

12 

3.0 

10 

25.0 

24 

5.0 

19 

130.0 

34 

7.5 

25 

Beyond range 


TABLE 7 

Relation of concentration of milk solids to viscosity. Skim milk, forewarming 
temperature 60°C. (140° F.); storage temperature 30°C. (86° F.) 


AOB 

MILK SOLIDS NOT FAT 

20 per cent 

24 per cent 

28 per cent 

days 

rotation, degrees 

rotation, degrees 

rotation, degrees 

1 

0.5 

1.25 

2.25 

13 

1.0 

1.0 

2.5 

25 

1.0 

1.0 

4.0 

35 

1.0 

1.0 

8.0 


skim milk to the increase in viscosity is shown in table 6. The 
tendency to become thick on standing is evidently not in a direct 
relation to the concentration of the milk solids but increases 
more rapidly as the concentration becomes greater. This rela- 
tion varies with different milks, but^we have always found a 
greatly increased tendency to thicken in passing from 26 to 28 
per cent milk solids in skim milk. 
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It became evident very early in this work that factors other 
than the concentration of the milk solids had an important 
influence on the viscosity. Table 7 shows the changes in vis- 
cosity of three batches of milk treated in every way the same as 



Fia. 3, Influence op Concbntbation and Fobewarming Temperature on 

Viscosity 

Solid lines: forewarmed to 80®C. (176® F.) 

Dotted lines: forewarmed to 60®C. (140° F.) 

those in table 6, except that those in table 6 were forewarmed to 
SO^C. (176® F.), while those in table 7 were not heated above 
60°C. (140® F.) The very marked difference in these milks is 
brought out more clearly in figure 3, in which the viscosity of 
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the milk with high forewarming is shown by solid lines while 
the low-forewarmed milk is shown by broken lines. This effect 
of high forewarming has been shown by repeated experiments, 
although the increase in viscosity due to high heating has not 
always been so marked as in the experiment cited in this table. 

Not all of the constituents of the milk are concerned in this 
change in viscosity. The fat exists as very small globules float- 
ing in the serum and in all probability is not a factor in deter- 
mining the viscosity. It is difficult to vary the fat in a normal 
manner and at the same time hold the other constituents con- 
stant. Two experiments in which the fat was varied in different 
ways indicated that it was not an important factor in the viscosity. 

This is also true of the lactose. Any variation of this con- 
stituent within reasonable limits has only a minor effect. 

TABLE 8 

Relation of casein and albumen to viscosity. Lactose content 16.44 cent; fore^ 
warming temperature 96^C. {^04,S** F,); storage temperature SO^C, (86^ F.); 

‘ fat 0 per cent 


AOB 

NOBMAL SKIM MILK 

CABBIN BBMOVSD 

CABBIK AND ALBUMSN 
BBMOVED 

days 

rotation, degrees 

rotation, degrees 

rotation, degrees 

2 

18 

6 

1 

9 

130 

8 

1 

32 

Beyond range 

15 

1 


The proteins, the casein, and the albumen are in a different 
category. Their colloidal condition, their well known instabil- 
ity under the action of heat and the rapid changes produced in 
their structure by the activities of bacteria would lead one to 
expect them to be of primary importance in determining the 
viscosity of condensed milk. 

On account of the complex nature of the milk constituents and 
their intimate relation to one another it is impossible to separate 
them in such a way that the effect of each can be determined 
accurately, but some indication may be obtained by experiments 
similar to that shown in table 8. A lot of skim milk was divided 
into three portions, one of which was condensed without further 
alteration. The two remaining portions were acidified, the 




VISCOSITY OF SWEETENED CONDENSED MILK 


479 


precipitated casein removed by filtration, and the reaction of the 
filtrate corrected. One of those containing the albumen, lac- 
tose, and salts was evaporated. The albumen was removed 
from the third portion by adjusting the reaction and heating. 
All three were forewarmed to 96°C., and since they could not 
very well be brought to an equal concentration of total solids 
they were evaporated to a uniform lactose content of 16.44 per 
cent. The cane-sugar concentration of the finished milk was 
60 per cent in each case. The original mUk increased in vis- 
cosity very rapidly; the portion from which the casein had been 
removed, much more slowly; and the one containing only lactose 
and salts remained at the initial very low viscosity. 


TABLE 9 

Relation of casein and albumen to viscosity. Fat removed; lactose 16.$ per cent; 
forewarming temperature 63°C. {146.4° F.); storage temperature S0°C. {86** F.) 


AOS 

NOKMAL SKIM MILK 

CABBIN BBMOVKD 

CABBIK ANP ALBX7MBN 
BBMOTBO. OABBIN 
&BPLACKD 

days 

rotation, degrees 

rotation, degrees 

rotation, degrees 

2 

3.0 

1 

1 

9 

2.6 

1 

1 

30 

4.5 

1 

8 

74 

37.0 

1 

130 


Similar results were obtained by a variation of this procedure. 
A lot of skim milk was divided into three parts, one of which was 
condensed without further change. The casein was removed 
from the other portions. One of these containing the albumen, 
sugar, and ash was evaporated. The albumen was removed 
from the third portion by heat and the casein, redissolved in 
alkali, was returned giving a milk free from albumen. Sugar 
was added to each portion to give a 60 per cent solution in the 
finished milk, and all were evaporated to a uniform lactose con- 
tent of 16.3 per cent. This experiment differed also from the 
previous one in that the forewarming temperatvire was 63°C. 
(145.4® F.) instead of 96°C. (204.8° F.). The changes in vis- 
cosity of these milks are shown in table 9. 
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The normal milk increased in viscosity slowly, but even at 
seventy-four days was much less viscous than the highly heated 
milk of the previous experiment when only nine days old. The 
very low initial viscosity and lack of change in the milk from 
which casein was removed indicates that the albumen is a factor 
only when it has been heated above its coagulating point. The 
precipitated and redissolved casein shown in the fourth colrnnn 
of table 9 could not be expected to react exactly like casein in 
normal milk, and we find that while the initial viscosity of the 
third portion, containing the redissolved casein, was low, it had 
increased at seventy-four days to 130®. Although this is not 
exactly comparable with the normal milk, it may be taken as 
evidence that the casein is the most significant factor in deter- 
mining the viscosity of sweetened milk. The relation of the 
albumen to the change in viscosity was also shown by varying 
the albumen content of the milk by the addition of egg white. 
The chemical and physical nature of this material is so nearly 
identical with the lactalbumen of the milk that there is little 
doubt that it would have the same effect on the viscosity. 

When the forewarming temperature was above 90®C. (194® F.) 
the initial viscosity and the increased viscosity at various storage 
periods were in direct relation to the amount of albumen added. 
On the other hand when the forewarming temperature was held 
below 60®C. (140® F.) the initial viscosity was the same for all 
lots and the changes, which were small, had no relation to the 
albument content of the milk. 

The temperature of the pan under ordinary circumstances is 
too low to affect the albumen or the casein. There is a possi- 
bility that the layer of milk in immediate contact with the coil 
may be momentarily heated considerably above the tempera- 
ture indicated by the thermometer. A resistance thermometer 
made especially for this purpose and held so that it was in close 
contact with the surface of the coil did not give readings appre- 
ciably higher than the mercury thermometer projecting through 
the wall of the pan. 

More positive results were obtained by arranging the coils so 
that they could be heated by circulating water through them at 
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any desired temperature. Even when the water was held as 
low as 70®C. (168® F.), the viscosity did not differ from that 
portion of the milk made in the usual way with steam heated 
coils. The long exposure to heat which was made necessary by 
the low temperature of the coils did not affect the viscosity. 

THE INFLUENCE OF THE ASH CONSTITUENTS 

The ash, of course, must not be considered as so much mineral 
matter in solution in the milk, but as it exists in combination 
with other constituents of the milk, particularly the casein. It 
is well known that a certain part of the calcium and the phos- 
phorus exist in the milk in some kind of combination with the 
casein, and that the stability of the casein is dependent to some 
extent on this combination. 

Sommer and Hart (2) have shown that the temperature at 
which milk coagulates is controlled, in some degree at least, by 
the interrelation of the ash constituents. It is also well known 
that the relation between the casein and its mineral ingredients 
are more or less disturbed by heat. It is not unreasonable, 
therefore, to suppose that variations in the ash constituents 
would have some influence on the viscosity of the concentrated 
milk. 

On account of the difficulties in the way of removing any part 
of the ash from the milk, it is practicable to vary the mineral 
matter only by the addition of the separate salts. The combina- 
tion existing between the ash constituents and the casein and 
between the ash constituents themselves is still a matter of 
speculation, and it is obvious that a change in the composition 
of the ash made in this way cannot be exactly comparable to 
variations occurring normally. 

When one of the normal mineral salts of the milk is added to 
milk we are unable to say definitely what rearrangements it may 
bring about, but its effect on the behavior of the milk when 
exposed to different physical reactions may be taken as an indi- 
cation of the effect of similar variations occurring normally. 
According to Van Slyke and Bosworth, (3) normal milk con- 
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tains 0.274 per cent of citrates in the form of the calcium and 
potassium s^ts. ' On this basis 3500 grams of skim milk, which 
was the standard batch used in our experimental work, should 
contain approximately 9.9 grams of total citrates. The addi- 
tion to 3500 grams of milk, of citrates in the form of calcium 
citrate in amounts up to 2.8 grams had no appreciable effect on 
the viscosity when the milk was held at 30“C. (86° F.) for 58 
days. This represents an increase in the total citrates of about 
28 per cent. 

Somewhat different results were obtained by the addition of 
phosphates. The effect of the addition of moleciilar quantities 
of the monobasic and dibasic potassium phosphates is shown 


TABLE 10 

Effect of variation in phosphates. Milk solids B6 per cent; fat 0 per cent; fore-^ 
warming 6S^C. 


PROSl^HATBIB ADDKD 

BSFOBB 

CON- 

AFTKR 

CON- 

VIBCOBITT 

ONNaiNO 

DKNBINO 

1 day 

10 days 

18 days 

20 days 

80 days 


pH 

pH. 

rotation 

degree* 

rotation,;* 

degrees 

rotation^* 

degrees 

rotation* 

degrees 

rotation^* 

degrees 

7 cc. Y KH,PO. 

6.45 

6.15 

3.9 

5.2 

5.5 

6.2 

20.0 

7 cc. Y K,HP 04 

6.56 

6.24 

3.3 

4.3 

4.8 

5.0 

33.0 

None 

6.44 

6.21 

3.0 

3.1 

3.2 

3.35 

18.5 


* Scale. 


in table 10. The hydrogen ion determinations, made both 
before and after condensing, show that these additions had only 
slight effect on the acidity. The acidity of the milk was dis- 
tinctly reduced by the addition of the tribasic salt, but this batch 
was lost. In any case the change in hydrogen ion concentration 
would be within the limits which we have found to be without 
effect on the viscosity. 

The check milk to which no salt was added was lower in vis- 
cosity than any of the others, but the difference was so slight 
that it can hardly be considered significant. The degrees given 
in this table are scale readings and indicate a low viscosity even 
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at eight-six days. The monobasic salt added represents, on the 
basis of Van Slyke and Bosworth’s calculations, an increase in 
the total phosphates in the milk of about 5 per cent. In another 
experiment the results of which are given in table 11, slightly 
larger amounts of the three salts were added. In this case there 
was no significant difference in the initial viscosity or at eleven 
days, but at twenty-three days and particularly at forty-four 
days the three lots to which phosphates were added were decidedly 
more viscous than the check lot. It should be noted that this is 
equally true of the monobasic salt which increases the acidity 
and of the tribasic salt which decreases it. Similar but more 
marked results were obtained when still larger amounts of salt 
were added. 


TABLE 11 


Influence of phosphates on viscosity. Milk solids, 26 per cent; fats 0 per cent; 
forewarming 6S°C. {H5.4'' F.) 


PH08PHATB8 ADDED 

m 

1 

GRAMS 

INCREASE 
IN TOTAL. 
PHOS- 
PHATES 

VISCOSITY 

1 day 

1 1 days 

23 days 

44 days 





rotation. 

rotation. 

rotation. 

rotation. 




per cent 

degrees 

degrees 

degrees 

degrees 

KH 8 PO 4 

10 

1.36 

7.3 

1.4 

2.0 

56 

140 

K,HP04 

10 

1.74 

9.4 

1.5 

2.0 

9 

100 

K.P 04 

10 

2.12 

11.4 

1.8 

2.6 

13 

120 

None 




1.5 1 

1.7 1 

2 

15 


THE INFLUENCE OF FOREWARMING TEMPERATURES ON THE 
SEPARATION OF FAT 

Nearly all of the experimental condensed milks mentioned in 
this paper were made from skim milk, and consequently the 
separation of the fat was not a factor to be considered. It was 
noticed, however, that in some lots made from whole milk there 
was a tendency for the fat to separate. In evaporated milk, 
before homogenization came into general use, it was considered 
necessary to heat the milk high enought to produce a soft curd, 
not only to give the milk a satisfactory ^‘body/’ but also to make 
it sufficiently viscous to hold the fat in suspension. The vis- 
cosity of sweetened milk is usually high enough to accomplish 
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this purpose, but if the forewarming temperature is low there is 
a possibility that an objectionable separation of fat may occur. 

A comparison of the effect of high and low forewarming tem- 
peratures was made by dividing a lot of milk into two portions, 
one of which was heated to (203° F.) by the jacket, while 

the other part was held thirty minutes at 63°C. (145.4° F.). 
After condensing in the laboratory pan half of the latter batch 
was homogenized at 3000 pounds pressure. The results are 
given in table 12. 


TABLE 12 

Influence of forewarming temperature on separation of fat. Total milk solids 28 
per cent; sugar solution 60 per cent; storage temperature SO^C, (86^ F.) 


FOREWARMING TEMPERA- 

HOMOGENIZING 


VISCOSITY 


SEPARATION 
OF FAT, 
AFTER 29 
DAYS 

TUBE 


1 day 

8 days 

15 dasrs 

29 days 


pounds 

rotation, 

degrees 

rotation, 

degrees 

rotation, 

degrees 

rotatxon, 

degrees 


63°C. (145.4° F.) 

Not 

homogenized 

3.0 

4 

7 

14.5 

Slight 

63°C. (145.4*»F.) 

3000 

7.0 

12 

16 

20.0 

Slight 

95®C. (203° F.) 

Not 

homogenized 

9.5 

26 

37 

47.0 

None(?) 


In the lot forewarmed at 95°C. there was at the most only a 
very slight separation of fat. In the two lots forewarmed at 
63°C. there was a noticeable but not objectionable separation of 
fat. This was slightly less noticeable in the homogenized half. 

In another experiment made in the same way the viscosity of 
the low forewarmed milk was exceptionally low, and there was a 
decided separation of the fat. This did not occur in the homog- 
enized half nor in the lot forewarmed at a*high temperature. 

SUMMARY 

Acidity within reasonable limits, contained air, and the salts 
of copper have no significant influence on the increase of vis- 
cosity of sweetened milk. Cane sugar increases the initial 
viscosity slightly, but affects the increase in viscosity only as it 
inhibits the growth of bacteria. 
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The increase in viscosity is more rapid at higher storage 
temperatures, but this increase is not in direct relation to the 
temperature. The effect of the temperature is very slight at 
20'’C. (68° F.) or lower, but is marked at 30°C. (86° F.) or higher. 

The tendency to thicken on standing increases with, but not 
in direct relation to, the concentration of solids not fat. 

The casein is the constituent principally concerned in the 
production of the viscosity. The albumen is a factor when 
the forewarming temperature is much above its coagulating point. 

The phosphates, probably through their combination with 
the casein, may have influence on the change in the viscosity. 
An increase in the total phosphates of the raw milk by as much 
as 7 per cent will cause a distinct acceleration in the progressive 
increase in viscosity. 

The tendency of the milk to thicken is greatly increased by 
the high temperature ordinarily used in the forewarming. Satis- 
factory results from a bacteriological standpoint may be obtained 
to about 63°C. (145.4° F.) for twenty to thirty minutes. The 
viscosity of the product made in this way is low, and the tend- 
ency for the viscosity to increase in storage is much reduced. 
When the viscosity is very low in condensed milk made with 
low forewarming temperature, there is a tendency for the fat to 
separate. It is not probable that this condition w'ould occur in 
large batches of milk made under commercial conditions. 
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BITTERNESS IN EVAPORATED MILK 

GEORGE SPITZER and W. F EPPLE* 

Purdue University Agricultural Experiment Station ^ Department of Dairy 
Husbandry, Lafayette, Indiana 

In the fall of 1919 a prominent milk condensory experienced 
considerable difficulty with evaporated milk becoming bitter. 
This bitterness did not occur in all cans, though made from the 
same batch of milk sterilized and treated uniformly. The phys- 
ical appearance of the evaporated milk was normal in every 
respect, the characteristic bitterness was the only objectionable 
feature Some preliminary work was done with the bitter milk, 
and it was found that ordinary chemical tests failed to reveal 
any cause for this condition. Plate cultures were made of this 
bitter milk which showed the presence of an organism. Steril- 
ized sweet milk was inoculated with this organism and it also 
became bitter. From the appearance of the plate culture there 
seemed to be present only one type of organism, and this was 
later found to be correct. 

OBJECT OF THE EXPERIMENT 

The object of the following experimental work was to identify 
this organism, to determine its thermal death point and its 
proteolytic action on milk proteins, and to make a study of the 
enzymes produced by it. 


EXPERIMENTAL • 

/. Bacteriological study 

A number of cultures of this organism have been studied both 
morphologically and culturally. The following is a general 
description of the organism.* 

i Acknowledgment is due to E. G. Sieveking, Student Assistant. 

•Credit is here given to I. L. Baldwin of the Biology Department for the 
description of this organism. 
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Morphology, Form: The organism is definitely rod shaped 
with rounded ends. When freshly isolated from milk it shows 
definite capsules which stain readily with gentian violet. Upon 
continued growth on artificial media it tends to lose its property 
of forming definite capsules 

Size; About 0.4 by 2 microns are the average dimensions of 
the organism, with relatively little variation in the size of the 
individual cells. 

Motility: No motility has been observed. 

Staining properties: The organism stains very readily with 
the ordinary anilin dyes and is Gram positive. 

Spore formation: Spores are formed readily in about forty- 
eight to seventy-two hours. They are usually formed near the 
center of the rod and are almost as large as the cell. Definite 
rims of protoplasm are usually retained around the spores. 

Cultural characteristics. Agar colonies: Medium sized, ele- 
vated, glistening, viscous colonies, showing little tendency to 
spread were formed rather quickly. In the course of three or 
four days they lose their glistening appearance owing to the 
formation of a scum over the surface. Later the colonies seem 
to dry out leaving only the dry wrinkled scum, which is easily 
scraped from the agar 

Agar slant: The growth resembles that of the agar colonies 
very closely. At first it is elevated, glistening and viscous and 
later becomes dry, grayish and wrinkled. 

Agar stab: There is a small slightly spreading growth on top 
with slight granular beaded growth along the line of inoculation. 

Gelatin colonies: Small glistening colonies are formed in cup- 
like depressions, due to the rapid liquefaction of the gelatin. 

Gelatin stab: Liquefaction is very rapid, being at first funnel 
shaped. Complete liquefaction with the formation of a heavy 
scum occurs later. 

Bouillon: A tenacious scum is formed. Slight turbidity is 
noticed at first, but later the media settles clear. 

Potato streak: Growth is at first glistening, elevated and 
viscous, later becoming dry, granular and wrinkled. 

Litmus milk: The milk is peptonized rather quickly, leaving 
a clear liquid with little change of acidity. 
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Fermentation tubes. Dextrose: No gas is formed but an 
acid reaction is produced. A heavy scum is formed at the sur- 
face with no growth in the closed arm of the tube. 

Saccharose: The growth and reaction is the same as with 
dextrose. 

Lactose: The characteristics of growth are the same as with 
dextrose and saccharose, but very little or no acidity is produced. 

The description of this organism agrees in practically every 
respect with the Bacillus Panis, Migula 1900 described by 
Lawrence and Laubach (1). 

2, The effect of heat on the organism 

In order to study the resistance of this organism towards 
heat, sterile tubes of fresh skim milk were inoculated with a pure 
culture of the organism. These were then incubated until 
active with spore formation as evidenced by a suspension under 
the microscope. A set of tubes were then autoclaved for 3, 5, 
8, 10 and 15 minutes respectively at 15 pounds pressure, (250® F.). 
All conditions, such as reaching and maintaining the necessary 
temperature, and treatment after the expiration of the time 
limit, were made as uniform as possible. Each tube was plated 
in triplicate on agar media both before and after autoclaving. 

The following table shows the results obtained for the respec- 
tive time intervals. 


TABLE 1 


BKFOBE AtJTOCLAVINa 

TIME 

TBMPERATUBE 

AFTER AUTOCLAVma 

colonies per cc. 

minuiee 

ojp, 

colonies per ce. 

25,200,000 

3 

260 

42,000 

22,000,000 

5 

260 

14,600 

38,700,000 

8 

260 

560 

27,600,000 

10 

250 

None 

33,400,000 

15 

250 

None 


5. Chemical study 

In the study of the chemical action produced by this organ- 
ism on milk proteins we were chiefly concerned with the cleavage 
products produced. By the use of different precipitants it is 
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possible to separate the complex from the less complex hydro- 
lized products of protein degradation into reasonably well 
defined fractions and if the operation is conducted under like 
conditions these fractions must give a reasonably accurate and 
consistent result of the progress of the chemical changes. The 
fractions which seemed the most important were, the production 
of ammonia, peptones and the less complex protein units, the 
amino acids. By the use of saturated solution of zinc sulphate 
and phosphotungstic acid as precipitants, peptones and amino 
acids can be estimated. 

METHOD OF PROCEDURE 

Lots of 250 cc. sterilized milk were inoculated with the organ- 
ism and incubated at 37°C. for 15, 30 and 45 days. After the 
respective periods of incubation 50 cc. of the media was aerated 
according to the Folin method for the determination of ammonia. 
After aerating for eight hours the liquid was transferred to flasks 
and diluted to 100 cc. From this dilution aliquots of 20 cc. 
were transferred to beakers, neutralized with sulphuric acid and 
the proteins precipitated with saturated solution of zinc sulphate 
and phosphbtungstic acid. 

Precipitation with zinc sulphate. To 20 cc. of the above dilu- 
tion sufficient dilute sulphuric acid was added to make it dis- 
tinctly acid to methyl red. The solution was slightly warmed 
and chemically pure zinc sulphate added to saturation. A por- 
tion of the zinc sulphate crystalized when the solution was cooled 
to room temperature.. After standing for twenty-four hours 
the solution was filtered and the nitrogen determined in the 
filtrate representing nitrogen not precipitated by zinc sulphate. 

Precipitation with phosphotungstic acid. To 20 cc. of the neu- 
tralized solution sufficient sulphuric acid was added to bring the 
acidity to 6 per cent. To this 20 cc. of a 5 per cent phospho- 
tungstic acid solution was added and after standing for twenty- 
four hours the solution was filtered and the nitrogen determined 
in the filtrate, representing the nitrogen not precipitated by 
phosphotungstic acid. 

Acidity. The acidity was determined by titrating 20 cc. of 
the medium with n/10 NaOH and expressed as lactic acid. 
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Ammonia. The ammonia was detennined by the Folin 
aeration method and expressed as ammonia nitrogen. 

Table 2 shows the chemical changes brought about by this 
organism when gro^ in sterile milk. The results for the nitro- 
gen fraction are based on the total nitrogen present in the milk 
and the acidity expressed as lactic acid. 

TABLE 2 


Showing the acidity^ ammonia nitrogen^ nitrogen not precipitated by phospho^ 
tungstic acid and saturated solution of zinc sulphate 


INCUBATION 

ACIDITY 

AMMONIA 

NlTBOOJfiN 

NITROGBN NOT 
PRECIPITATED 
BY ZINC SUL- 
PHATE 

NITROGEN NOT 
PRECIPITATED 
BY PHOSPHO- 
TUN08TIC ACID 

NITROGEN AS 
PEPTONES 

days 

per cent 

per cent 

per cent 

per cent 

per cent 

15 

0.297 

4.56 

39.67 

20.76 

18.71 

30 

0.517 

5.44 

46.15 

26.40 

19.73 

45 

0.540 

5.53 

46.59 

25.75 

20.74 

Blank 

0.215 

0.48 

1.84 

0.92 

0.92 


ACTION OF THE ENZYMES 

The nature of the organism, and its activity on protein sug- 
gested the possibility of the presence of proteolytic enzyme or 
enzymes. It was the aim to study the secreted enzymes or 
exoenzymes which, owing to their filterability may be separated 
from foreign matter and obtained in an active state. 

Flasks containing 250 cc. of sterile milk were inoculated with 
the organism and incubated at 37®C. for thirty-three and sixty 
days. At the end of the respective periods of incubation, a 
portion of the liquid was filtered througl\ a Berkfeld filter. To 
prove the absence of organisms or spores plate cultures • were 
made. Only in a few instances was there any contamination. 

To test the activity of the enzymes obtained from the Berkfeld 
filter a 2 per cent solution of casein and egg albumin was pre- 
pared as follows: 2 grams each of casein and egg-albumin were 
added separately to 100 cc. of distilled water and sterilized. 
Plate cultures were here also made to prove the absence of organ- 
isms. To each flask containing the sterile proteins 10 cc. of the 
filtrate, obtained from the media were added and digested from 


BITTERNESS IN EVAPORATED MILK 


491 


three to six days at a temperature of 37°C. Digestion was 
made in neutral (phenolphthalein), 0.2 per cent acid (hydro- 
chloric acid) and 0.2 per cent basic (sodium carbonate) solution. 


TABUS 3 

Showing the action of the enzymes on casein^ the nitrogen not precipitated by zinc 
sulphate^ phosphotungstic acid and the peptones 


INCUBATION 

DIOBBTION 

KEACTION 

NITBOOEN NOT 
PRECIPITATED 
BT ZINC BUL- 
PHATB 

NITROOEN NOT 
PRECIPITATED 
BY PHOBPHO> 
TUNGSTIC ACID 

NITROOBN AS 
PEPTONES 

days 

days 


per cent 

per cent 

per cent 

33 

3 

Neutral 

60.75 

25.35 

35.40 

33 

3 

0.2 per cent acid 

16.55 

5.10 

11.45 

33 

3 

0.2 per cent basic 

38.85 

14.00 

24.85 

60 

3 

Neutral 

62.5 

31.7 

30.80 

60 

3 

0.2 per cent acid 

20.00 

7.6 

12.40 

60 

3 

0.2 per cent basic 

37.20 

9.85 

27.35 

60 

6 

Neutral 

89.65 j 

47.85 j 

41.80 

60 

6 

0.2 per cent acid 

16.75 

8.00 

8.75 

60 

6 

0.2 per cent basic 

78.75 

40,10 

38.65 


TABLE 4 

Showing the action of the enzymes on egg albumen ^ the nitrogen not precipitated by 
zinc sulphate^ phosphotungstic acid and peptones 


INCUBATION 

DIGESTION 

REACTION 

NITROGEN NOT 
PRECIPITATED 
BT ZINC SUL- 
PHATE 

NITROGEN NOT 
PRECIPITATED 
BT PHOSPHO- 
TUNGBTIC ACID 

NITROGEN AS 
PEPTONES 

days 

days 


per cent 

per cent 

per cent 

33 

3 

Neutral 

44.30 

15.80 

28.50 

33 

3 

0,2 per cent acid 

19.00 

6.85 

12.15 

33 ! 

3 

0.2 per cent basic 

34.10 

15.15 

18.95 

60 

3 

Neutral 

50.10 

24.50 

25.60 

60 

3 

0.2 per cent acid 

27.45 

10.10 

17.35 

60 

3 

0.2 per cent basic 

31.75 

10.20 

21.55 

60 

6 

Neutral 

81.50 

46.60 

34.90 

60 

6 

0.2 per cent acid 

22.70 

10.95 

11.75 

60 

6 1 

0.2 per cent basic 

48.55 

22.55 

26.00 


At the time expiration the enzyme action was determined by 
est imating the nitrogen not precipitated by zinc sulphate and 
phosphotungstic acid. 

Tables 3 and 4 show the proteoljrtic action of the enzyme. 
The per cent nitrogen is based on total nitrogen. 
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DISCUSSION 

From table 2 it is seen that this organism produces rapidly a 
large quantity of peptones and lower complex nitrogenous com- 
pounds. The excessive peptonizing function of this organism 
may be the primary cause of the bitterness. It is not impossible 
that the cleavage products produced by this organism differ in 
their chemical aggregation from that produced by other active 
peptonizing organism. This bitterness in evaporated milk has 
been observed by other investigators, namely, O. F. Hunziker 
(Condensed Milk, 1st edition, pp. 172-174) and more recently 
by B. W. Hammer (Studies in Abnormal Evaporated Milk 1919). 
The increase in acidity during the period of fifteen days incuba- 
tion was very slight, and this is in agreement with that condition 
found in the bitter evaporated milk. The production of ammonia 
increased during the period of incubation from 0.48 to 5.53 per 
cent. This increase also emphasizes the proteolytic activity of 
this organism, which by some investigators is considered an 
index in determining the rate and degree of protein katabolism. 

BUMMABY 

1 From the results of the bacteriological study the organism 
agrees morphologically and culturally with Bacillus panis migula, 
described by Lawrence and Laubach. 

2. The thermal death point of this organism lies between 
eight to ten minutes exposure to 250“ F. under steam pressure. 

3. The substance secreted by this organism is proteolytically 
active, producing both peptones and amino acids. The results 
of the action on neutral, acid and basic substrate indicate the 
presence of more than one specific enzyme. 

BEFERENCES 

(1) Lawrence and Laubach: Studies on aerobic spore-bearing non-pathogenic 
bactera. Joar. Bacteriol, i, 403. 
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TH1<: KFFE(7r OF PASTEUIUZATION ON I’HE NUMBER 
OF BACTERIA IN MILK WHEN THIS IS DETER- 
MINED BY THE DIRECT MICROSCOPIC COUNT* 

E. G. HASTINGS and AUDREY DAVENPORT 

From the Department of Agricultural Bacteriology, University of Wisconsin, 

Madison 


It has been pointed out in a previous paper (1) that in the 
examination of milk it is desirable to obtain such information as 
will permit the analyst to determine as far as possible the con- 
ditions under which the milk was produced, and also to judge of 
its future, or keeping quality. It is obvious that in the case of 
pasteurized milk, any method which involves the growth of 
bacteria can give no indi(?ation concerning the history of the 
milk previous to heating. It has been thought that the direct 
microscopic determination of the number of bacteria did not 
possess the above limitation and could therefore be iised more 
successfully in the examination of pasteurized milk than could 
any other method. 

It is a well known fact that many bacteria are so changed on 
heating as not to be detected in the microscopic examination of 
stained preparations. I'he use as a culture medium of milk 
which contained such a number of bacteria that they were 
easily demonstrable with the microscope, entails no disadvan- 
tages in the subsequent examination of the pure cultures grown 
therein. In the heating, incident to sterilization, the cells are 
so changed that they can not be found with the microscope. 
The magnitude of the effect of lower temperatures such as are 
used in the pasteurization of market milk is unknown. It has 
been mentioned by a number of workers that the dead cells do 
not possess the same staining properties as the living cells, when 
preparations are made from milk before and after pasteurization. 
Kufferath (2) in a discussion of the methods of determining bac- 

1 Published with the permission of the Director of the Wisconsin Experiment 
Station. 
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teria in milk refers to the examination of stained preparations 
and states that dead bacteria do not stain, but that their pres- 
ence is made evident by the fact that they appear in the film 
as cle^ar areas in the back ground of stained casein, as do the 
cells in a preparation made with India ink according to the 
method of Burri. He states that an idea of the number of bac- 
teria present before heating can be obtained by noting the clear 
areas. 

Again it has been assumed by some that the heating does 
not change the staining properties of the cells and that therefore 
the direct microscopic method gives the same information in 
regard to a sample of milk, irrespective of whether it is applied 
before or after pasteurization. The following statements are 
taken from an article recently published (3). 

A ini(*roscopic count of pasteurized milk will show exactly what a 
similar (lount. would show in raw milk — namely the number of bac^teria 
which have gained access to milk during its production and dedivery 
and th(» amount of devedopment through growth and multiplication. 
. . . . The dir(‘ct microscopic, method of counting bacteria, reveal- 

ing the living as well as the doud baederia, enables us to put pasteuri- 
zation in its proper place in th(‘ scheme of milk (control and to proceed 
with our enforc(Mnent of ])acterial standards with a success not allowed 
with the plate count. 

For the purpose of determining the effc'ct of pasteurization 
on the staining properties of bacteria in the direct microscopic 
method of milk examination, a number of milks were pasteurized 
in the laboratory at Mo"’ F. for thirty minutes. The milks were 
cooled at once, and stored at about 50° F. Microscopic prepa- 
rations were made from the milk immediately before pasteuriza- 
tion, and at varying intervals thereafter. The method of stain- 
ing was kejit uniform throughout the staining of any series of 
samples. 

It is probable that the effect of heating on the number of 
bacteria losing their staining properties will vary from sample 
to sample; certain bacteria are probably more affected than 
others. The tubercle bacillus in broth stains as well after pro- 
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longed iKuitiiig at 212° F. as do the same cultures in which the 
live cells arci present. Since different kinds of bacteria will react 
differently when the milk in whi(^h they are present is heated, no 
uniformity in results would he obtained in the examination of a 
series of milks that vary (pialitatively in tlieir ba(derial content. 

In th(', work h(u-(‘. reported market milks were used. The 
techni(|ue of staining was that suggested by Freed. The per- 



Fi(,. 1. A PKi:rAKATio\ kkom Raav Milk 
M imy lactic ;ici<l bacteria are visible. 


sonal factor has been eliminated by the fact that a number of 
individuals, working at diff erent times, were concerned in obtain- 
ing the results reported. Approximately a hundred samples of 
milks, taken at various times of th(' year, have been examined. 
A detailed count of the bacteria has been made in a number of 
samples and the data are reported in tabh^ 1 . The preparations 
made from the remainder of the sainjiles were not counted; they 
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were, however, examined with sufficient care to determine 
whether the heating had had any effect on the staining of the 
bacteria. In practically every instance there has been a more 
or less marked decrease in the number of cells that could be 
detected. The data given in table 1 are to be considered as 
typical of all. For purposes of comparison the number of cells 
per unit volume of the raw milk is expressed as 100, the number 
found in the examinations made after the pasteurization, as 
percentages of 100. 

From table 1 it is to be noted that the percentage reduction 
varies from sample to sample. Sample 3 in no examination 
revealed less than 77 per cent as many cells as were present in 
the raw milk; and in sample 1(> only 3 per cent as many bacteria 
wore found twenty-four hours after pasteurization as were noted 
in the raw milk. It is believed that these percentages represent 
the probable limits of the effect of the pasteurizing temperature 
on the number of bacteria in milk as shown by the direct micro- 
scopic method. Thirteen out of the sixteen samples showed 
between 10 and 30 per cent as many bacteria after pasteurization 
as in the raw milk, and these reductions probably represent the 
average that will be noted in practice. In two out of the Ki 
samples reported in table 1, the minimum number of bacteria 
was found immediately after pasteurization; in six samples the 
minimum number, at the sixth hour; in five, at the twenty- 
fourth hour; and in three, at the forty-eighth hour. 

The bac^teria that have not been killed in pasteurization will 
begin to grow when the milk is stored, and sooner or later, the 
number of cells in the pasteurized milk will exceed the number in 
the raAv milk. The rapidity with whioli this will occur will 
depend on the temperature of storage and the kind of bacteria. 

In table 1 the expression 1()0-|- signifies that growth had 
occurred and the number of bacteria was much in excess of that 
in the raw milk. 

Pasteurization of milk inoculated with pure cultures gave 
results similar to those with naturally inoculated milks. The 
procedure for this was as follows: Portions of fresh whole milk of 
a low bacterial content were inoculated with a pure culture of 
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the dcsirod orjiianisin, \vhi(fh had boon ])rcviously luiltivatod in 
sterilized milk, with fre(j[uent transleTs, in order to beeonu^ 
ac(^ominodated to this medium, ''fhese milk cultures were 
sec'ded sei)arat(^ly into raw milk in such amounts that the bac- 
teria were fairly numerous on a Breed plate. Stained prepara- 



Fi(i. 2. A PuEPAnATioN Made fhom the Same Milk, PASTEriiizED 

The milk had boon stored at 50° F. for 24 hours after pasteurization when 
this preparation was made. The photograph shows fewer haeteria than was the 
actual case, as the faintly stained cells did not give sufficient contrast to be 
photographed. 


tions were made immediately from these milks, after which 
they were pasteurized, cooled, and stained again in the same 
manner. They were then stored in the ice box, and preparations 
were made again at the end of twenty-four and forty-eight hours. 
The results are listed as follow^s: ^ 
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Name of oryanism After S4 hours 

H. coli No apparent change in staining or in num- 

ber of cells 


Staphylo(!ocous pyogenes 
aureus 

Strej)! oeoccus pyogenes. 

Hact. lactis acidi (1 ; . . 

Bact. lad is acidi (2), . . . 

Micrococcus 

Bact. bulgariouin 

B. anthracis 

B. subtilis 


No apparent change in siaining or in num- 
ber of cells 

('ells unevenly stained — some very faint — 
decrease in number 

evils unevenly and faintly stainetl — marked 
decrease in number 

(Vlls unevenly and faintly stained — marked 
decrease in number 

Cells faintly stained — decrease in number 

Cells faintly stained — no apparent decrease 
in number 

Only an occasional ccdl — only faintly slaiiUMl 

No cells stained 


Dot ailed oouiits wore not made of the stained preparations 
of these eultures except of that of the inicro(*oc‘ciis culture, and 
this was done because it could not he definitely told from obser- 
vations whether there had been a dt^crease or not. "J’he (*(^lls of 
this organism are unusually large and because of tluMr siz(», 
although stained very faintly, could be counted, whereas a 
smaller cell would probably not have been detected. However, 
only 70 per cent as many cells could be found in the i)repara- 
t ions made from the heated milk cultures as Avere presemt in the 
unheated. The most decided decrease was noted Avith II. sub- 
tilis and B. anthracis. No cells at all took the stain in the sub- 
tilis ineparation, and only an occasional one, in the anthrax, 
after twenty-four hours storage; and indications of this disin- 
tegration of these cells were CAudent in the preparations made 
immediately after pasteurization, AvhereTlie failure to take the 
stain but poorly was A^ery noticeable. Stained ])reparations of 
the other cultures showed about the same average decrease as 
Avas noted Avith the market milks. While it is reported aboA^e 
that no apparent decrease was obtained Avith B. coli and Staphy- 
lococcxis pyogenes aureus, it is possible that had these prepara- 
tions been subjected to a careful count, a decrease might have 
been detected. 
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The observation of Kufferath, that the dead bacteria in heated 
milk appear as clear areas against a stained background was 
never noted in any of the numerous preparations which were 
mac^e of heated milks, either of a high bacterial content or of 
milks which had been inoculated with pure cultures of repre- 
sentative milk organisms. The degree to which the bacteria 
vary in their staining properties after heating was from a normal 
color to that which was barely perceptible, which differences no 
doubt were caused by the type of organisms present. Staining 
within these limits even showed considerable variation; some of 
the cells were faintly but evenly stained, some showed decidedly 
uneven staining, especially noticeable in the chains and clumps 
of cells, but when no stain at all was taken this was evidenced 
only by a decrease in number and never by unstained areas in 
the shape of bacterial cells. 

The conclusion that must be drawn from the data presented, 
and which is confirmed by the results not here reported is that a 
direct microscopic count of bacteria in pasteurized milk gives a 
very imperfect picture of the bacterial content of the same milk 
before pasteurization, the number of bacteria revealed may not 
be over 3 per cent of the number in the raw milk. 
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IS ROPY MILK BECOMING A MORE SERIOUS DAIRY 

TROUBLE 

H. A. HARDING and M. J. PRUCHA 
University of Illinois, Vrbana, Illincds 

Ropy milk is an old dairy trouble, and outbreaks of it are 
brought to the attention of the Dairy Department every year. 
There seems to be some basis for the feeling that this trouble is 
becoming more common, and this was emphasized the past 
season by encountering an outbreak which involved more than 
a hundred farms and presented the general picture of an epi- 
demic. As both the causal organism and the epidemic nature of 
this outbreak were somewhat unusual, it seemed desirable to 
bring the matter to the attention of the dairy industry. 

In presenting the details of this epidemic, the authors have 
drawn freely upon the observations and experiences of men in 
the milk industry, particularly upon certain of these men who 
are well trained in dairy bacteriology. It would be a pleasure 
to make more detailed and specific acknowledgment of these 
contributions were it not for the expressed wish of the com- 
mercial firms involved that no mention of their companies or of 
their men appear in the publication. 

While both authors were located at the New York Agricultural 
Experiment Station, they made fairly extensive observations in 
connection with outbreaks of ropy milk; isolating and studying 
the causal organism in a number of cases. Through the l^d- 
ness of the Director, W. H. Jordan, and Dr. R. S. Breed, the 
notes of these observations and some made by Mr. G. L. Ruehle 
have been placed at our disposal, and have been used in connec- 
tion with this article. Grateful acknowledgment of this kind- 
ness is gladly given. 

WHAT IS BOPT MILK 

The term ropy or slimy is applied to milk which has becmne 
noticeably more viscous than ordinary millf. When thia ropi- 
ness is only slightly developed, it is ordinarily overlooked. It is 

502 



IS ROPY MILK BECOMING MORE SERIOUS 


503 


sometimes noticed from the fact that the milk pours more slowly, 
or because the last portion drips from the container with the for- 
mation of an evident thread of milk. 

Where the viscosity is more pronounced, the milk may be 
drawn out by means of a fork or similar object into threads. 
In extreme cases these threads may be fine and silky, and more 
than a foot long, though more frequently they break when only an 
inch or less in length. 

In extreme cases, the milk takes on almost the consistency of 
a sticky, stiff dough, and a cup of it may be inverted without the 
milk being spilled. 

Ropy milk should not be confused with the results of garget. 
Garget is an inflamed condition of the udder of the cow, and 
milk as it comes from such inflamed udders frequently contains 
white masses or strings of coagulated material. Milk which 
becomes ropy, on the other hand, comes from healthy udders 
and is normal when drawn, but the ropiness may appear at any 
time after twelve hours. 

There are at least three common and distinct types of ropy 
milk: (1) the ropiness produced in milk drinks by the Bulgarian 
bacillus, (2) the ropiness in starter for butter making, resulting 
from the degeneration of the starter culture, and (3) the ropiness 
which appears in sweet milk. 

The ropiness with which this publication is primarily con- 
cerned makes trouble in connection with city milk. It appears 
in sweet, well cared for milk, and ordinarily as soon as the milk 
begins to sour, the viscosity disappears. Moreover, this ropi- 
ness in sweet milk develops most markedly at the surface in con- 
tact with the air, and rarely appears unless the milk is kept rela- 
tively cold. When the milk is held at higher temperatures, 
acid develops and destroys the viscosity. 

WHY IS ROPY MILK OBJECTIONABLE 

With milk, as with other foods, custom is a large factor in 
establishing market demands. There is no question but that 
our retail milk trade calls for a sweet milk of normal consistency 
and taste. While the growth of the ropy milk germs ordinarily 
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produces little change in the taste of the milk, these organisms 
do change its consistency so noticeably as to arouse the suspi- 
cions of the consumer. 

The agitation of recent years for a milk of low germ content 
has made the consumer very suspicious of any evidence of germ 
growth in milk, and doubly so of unusual appearances. 

While there is no evidence nor any reason to believe that the 
growth of the ropy milk organisms is in any way harmful to the 
consumer, such milk is not acceptable to the American consum- 
ing public, and accordingly is neither profitable nor desirable in 
the city milk supply. 

HISTORICAL 

Among nomads, milk is either consumed at once, or is soured 
so promptly that there is little opportunity for ropiness to appear 
in the sweet milk. When dairymen adopted a fixed abode and 
niilk soured more slowly, there was a better chance to observe* 
ropiness. There is naturally no record of its first appearance, 
but the wide-spread use of sweet, curdled, viscous milk by the 
Scandinavians, the use of viscous whey in cheese making by the 
Hollanders, and the prevalence of viscous, sour milk beverages 
among the Turks, Armenians, and their neighbors, suggest that 
next to the souring of milk, its increase in viscosity is its most 
common change. 

The earliest attempts at a scientific explanation of this ropi- 
ness were made by chemists but probably the first observations 
of the connection between germ life and these changes in milk 
were made by Lister (1) in 1873. Another early observation of 
the connection between germ life and the x)roduction of ropy 
milk is that of A. Schmidt (2) in 1883. His reference to this 
dairy trouble suggests that in Germany it was then well known, 
and was the occasion of considerable economic loss. While the 
work of Schmidt did not include the isolation and study of the 
causal organism, his tests of the readiness with which the ropi- 
ness was transferred to sound milk by the addition of a few drops 
of the ropy milk, and later likewise transferred from this to a 
second sample of sound milk, made plain the contagious nature 
of the trouble. 
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In 1889 there appeared at short intervals in the Milch Zeitung 
an article by Adametz (3) describing Bacillus lactis viscosus as 
the cause of ropiness in sweet milk, and one by Weigmann (4) 
describing, but not naming, the organism causing viscosity in 
sour whey. A number of organisms have been isolated, con- 
sidered as new, and named in connection with the development 
of ropiness in milk and dairy products. Of the outbreaks in 
city milk supplies in this country studied by Marshall (5), 
Ward (6), Cole and Hadley (7), Buchanan and Hammer (8), 
and Harding and Prucha (9), the causal organisms seem to be 
identical with, or closely related to Bacillus lactis viscosus, 
Adametz. The points at which organisms producing ropy milk 
most commonly differ from the original description of Bacillus 
lactis viscosus are in the matter of acid and gas formation. The 
observations at hand suggest that if a sufficiently large number 
of cultures were examined, it might be possible to arrange a 
fairly continuous series of cultures, otherwise quite similar, but 
differing in that at one extreme the milk becomes slightly alka- 
line, while at the other the milk becomes distinctly acid. This 
is all the more striking in view of the fact that the alkali-produc- 
ing and neutral forms are evidently sharply inhibited in milk by 
the formation of acid by the ordinary milk flora. 

These cultures quite generally attack milk sugar and some 
other sugars, and in some cases appreciable quantities of gas are 
produced. Apparently this group of ropy milk organisms offers 
good material for a critical study of the validity of acid and gas 
formation as a basis for the separation of species. 

THE EPIDEMIC 

About the middle of June, 1919, complaints of ropy miljc from 
customers of a large dairy company led to observations at the 
bottling plant handling this portion of its supply. Ropy milk 
is not an uncommon experience in connection with the city milk 
trade and when it appears a prompt study of the source of supply 
usually shows that milk infected with ropy organisms is being 
furnished by one or two farms. Since more or less of this trouble 



506 


H. A. HAKDING AND M. J. PKUCHA 


appears every season^ its treatment has become practically a 
routine matter, % ) 

In the present instance, samples from each patron’s milk were 
collected in well steamed bottles as the cans were being emptied, 
and these bottles, capped or stoppered with cotton, w^ere held at 
low temperature and observed for the development of ropiness. 

Unless the infection is fairly heavy, the ropiness will rarely be 
evident before twenty-four hours, and may not appear before 
forty-eight hours. Where the germs are fairly abundant, the 
entire upper surface of the cream becomes noticeably viscous. 
Examinations are best made with a small bent platinum wdre 
which is heated to redness and cooled before the examination of 
each bottle, so as to prevent the transfer of germs from one 
bottle to the next. When this wire is thrust below the surface 
of the cream and is withdrawn, the viscous milk is drawn out 
into a thread the length and thickness of which vary with the 
degree of ropiness. In making such examinations of milk in 
bottles which have been stoppered with cotton, care should be 
exercised not to be misled by the presence in the milk of cotton 
fibers. When such a fiber is caught by the wire, it often closely 
resembles a thread of ropy milk. Where such a wire is lacking, 
wooden toothpicks or forks may be used. However, unless a 
fresh one is used for each bottle, examinations on succeeding 
days may lead to wrong conclusions because of the transfer of 
germs from one bottle to another. 

Where the infection is not abundant, the ropiness of the cream 
may be confined to small islands or even to very small points on 
the surface. At these points there is evidently the development 
of colonies of the germs causing the trouble. The experienced 
observer can often locate these points of ropiness by observing 
the presence of what appears to be small drops of fat in the 
cream. In many cases the milk surrounding these drops of fat 
is very ropy. On the other hand, in an occasional bottle these 
drops are evident and the milk is not ropy, while in many cases 
the m i l k is ropy without the presence of these drops of fat. 
While the relation of these drops of fat to the germs causing the 
trouble is not entirely clear, the connection between these drops 
and the ropiness is too regular to be a mere accident. 
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Samples were taken and examined in this way from the milk 
of each of the 140 patrons bringing milk to the bottling plant in 
question, and ropiness was noted one or more times in samples 
from 116 of these farms. Late in the season when a neighboring 
cheese factory closed and a number of its patrons transferred 
to the bottling plant, they also were found to be bringing the 
ropy organisms. Inquiries in the community in a few cases 
where a cow was kept by a family who was not otherwise con- 
connected with the dairy business showed that here, too, they 
were having trouble with ropy milk. In short it appeared that 
here was a community-wide epidemic of ropy milk, which not 
only included the larger part of the patrons of the bottling plant, 
but also included people not directly connected with the milk 
shipping industry. 


OBSERVATIONS ON FARMS 

The finding of ropy milk organisms in the milk as delivered at 
the bottling plant was followed by a collection of samples at the 
farms. 

These samples ordinarily showed the presence of the ropy 
organisms in the utensils and in many cases also showed that 
they were present in the water in the cooling tank. 

The observations made at one farm are sufficiently important 
to deserve special mention. At this farm the germs were repeat- 
edly shown to be present on the utensils and in the water of the 
cooling tank. From the cooling tank the water flowed to the 
stock watering tank located in the bam yard, and the presence 
of the ropy milk germs was repeatedly demonstrated in the 
water from the stock tank. 

The stock tank overflowed and leaked into the bam yard form- 
ing considerable mud through which the cows came to drink. 

In drinking, the cows rubbed against the wet sides of the 
tank, and their coats also became moistened by the noses of 
their companions. Some mud also got upon their coats. 

On two different occasions, material collected from the flank 
and udder of these cows and put into sterile milk produced char- 
acteristic ropiness indicating the presence of the ropy milk 
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germs. Both of these tests were made by the bacteriologist of 
the milk company. At one of the tests, one of the authors (H.) 
was present and observed the conditions of the bam yard and 
the details of the test, and he sees no reason to doubt that under 
these conditions the ropy germs were present on the coat of the 
cow and from it could have been transferred to the milk. 

METHOD OF DISTRIBUTION 

Finding this ropy milk organism throughout the milk of the 
community naturally raises the question as to its method of 
distribution. 

The most evident point of contact among the farms supplying 
milk to the bottling plant is the can-washing vat at the plant. 
A can bringing milk infected with the ropy milk organism adds 
to this washing vat its quota of these organisms, some of which 
will be transferred to the cans subsequently washed in this 
same solution. As a check on the spread of germs in this way, 
the cans and covers were regularly passed over steam and dry- 
ing jets. However, this latter process, as actually carried on, 
did not produce sterile cans, and the treatment of the can covers 
was even less efficient. The drying process likewise did not 
result in dry cans, and the germs surviving the steaming had an 
opportunity to multiply before the cans were again filled with 
milk. Under such circumstances it is evident that ropy milk 
germs might spread among the patrons of the milk plant. On 
the other hand, such conditions are so common among milk 
plants as to be fairly typical. Ropy milk appears almost every 
year in the supply brought to each bottling plant, and this is the 
first wide-spread distribution of this kind which has been reported, 
although this milk trouble has been loiown for at least a century. 
If the can-washing vat was the avenue of distribution, it is hard 
to imderstand why this wide-spread dissemination should be 
limited to this particular milk plant, unless the conditions at 
this plant were unusually favorable for such spread, or the 
organism in question was one of unusual vitality. 
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Everything which could be found in connection with the 
plant suggested more than usual care in manipulation, and 
rather promptly after the appearance of this trouble, the usual 
steaming process was supplemented by immersing the washed 
cans and their covers in a strong solution of bleaching powder. 
Careful tests of the cans after such treatment indicated that 
they were not then harboring the ropy milk germs. Notwith- 
standing this careful treatment of the cans, which was con- 
tinued for some months, the trouble continued to appear among 
the farms. The possibility of infection at the can-washing vat 
will in no wise account for the appearance of the ropy milk 
among the patrons of the cheese factory, nor in the private 
dairies which were not connected with the cheese factory or the 
bottling plant. 

The organism causing the trouble, while evidently a represent- 
ative of the Bacterium aerogenes group, was not sufficiently 
different from the forms ordinarily encountered in ropy milk 
to explain this unusual distribution. 

In the absence of an apparent avenue of distribution, the 
fairly coimnon presence of Bacterium aerogenes in water sup- 
plies may be significant. The experiences of Adametz led him 
to stress water supplies as sources of ropy milk germs, and 
similar views were held by Ward, but in the last two decades 
attention has apparently drifted away from the possibility of 
infection through this channel. It is unfortunate that the con- 
ditions in connection with this outbreak were such as to preclude 
a careful study of the water flora and its relation to this trouble, 
though samples of the water in which the cans of milk were being 
cooled on farms furnishing ropy milk, in many cases, showed 
the presence of the ropy milk organisms. It is true that their 
presence in this water might be explained on the supposition 
that they were brought into the cooling tanks on the infected 
cans, but the well known ability of these germs to live in water 
calls for a more careful study of the relation of the water flora to 
the spread of ropy milk. 
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THE CAUSAL ORGANISM 

The genns connected with the different forms of ropy milk 
have been described in detail by Buchanan and Hammer. The 
one associated with this outbreak was a short, non-motile, 
encapsulated rod which did not form spores, but attacked dex- 
trose, lactose, and saccharose with the formation of acid and gas. 
In milk at 20°C., there was a marked increase in viscosity within 
twenty-four hours, together with a slow formation of acid which 
later became sufficient to curdle the milk. As the acid increased, 
the viscosity decreased. This organism is evidently a member 
of the Bacterium aerogenes group. 

While this organism is by no means unknown in connection 
with this trouble in milk, it is evidently not the ordinary form 
producing ropiness in sweet milk, since it was found in only 
one of ten recent outbreaks in the country tributary to Chi- 
cago, from which cultures have been studied by the authors, 
and it occurred only once among eight cultures isolated and 
studied by the authors between 1904 and 1908 at the New York 
Agricultural Experiment Station. It should, however, be noted 
that Eckles is reported to have found representatives of this 
group fairly common in connection with outbreaks in Mis- 
souri (10). 


RESISTANCE TO HEAT 

In as much as this outbreak occurred in connection with 
a milk supply which was regularly pasteurized, the ability of 
the organism to withstand heat was a matter of considerable 
importance. 

As ordinarily understood, the thermal death point is the tem- 
perature at which a twenty-four hour culture grown on agar 
slope, suspended in bouillon, and filtered through paper to 
remove masses of culture is completely destroyed on ten min- 
utes exposure. There is some difficulty in accurately measuring 
the ten-minute exposure, because of the time required for the 
temperature to pass through the wall of the container, and to 
heat the bouillon in which the culture is suspended. The first 
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loss of time can be reduced to a minimum by the use of Stern- 
berg bulbs with a capacity of 8 to 12 cc., which can be blown 
from glass tubing and sealed while hot. On breaking the capil- 
lary end below the surface of the bouillon, 5 to 7 cc. of the latter 
will be drawn into the bulb. If the capillary tube is again sealed, 
the bulb containing the culture may be completely submerged. 
The extremely thin walls offer little resistance to the passage of 
heat, and the small volume of fluid in the partially filled bulb 
quickly acquires the desired temperature, particularly if the 
bulbs are submerged and agitated by a suitable device. 

The thermal death point of a culture of Bacterium aerogenes 
(Bl) from this outbreak was compared with that of a culture of 
Bacillus lactis viscosus — Bacterium viscosum — (N), isolated 
about eighteen months earlier from an outbreak of ropy milk 
in the product of another large milk company. 


TABLE 1 

Growth after heating in bouillon to temperature for ten minutes 


CULTURK 

60*C. 

55*C 

eo-c. 

65*0. 

Bl 

+ 

+ 

— 


N 


— 

— 



The bulbs containing the cultures were exposed for ten min- 
utes in triplicate at temperatures of 50°, 55°, 60°, and 65°C. 
After removal from the hot bath, the bulbs were promptly cooled 
to room temperature, and the contents of each bulb divided 
among three tubes of sterile skim milk. The tubes of inocu- 
lated skim milk were placed at 20°C. and observed for ropiness 
and other evidences of growth. The results of these observa- 
tions are given in table 1. 

The above results suggest that the culture of Bacterium 
aerogenes (Bl) was somewhat more resistant to heat than was 
the ‘culture of Bacterium viscosum (N). In this connection it 
should be remembered that the former culture had been isolated 
recently, while the latter had been carried for many months in 
the laboratory. 
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Because of the importance of the heat relation of the ropy 
milk organisms, the thermal death points of a second series of 
nine cultures were determined according to the method already 
given. 

In this series the culture (B2) was a representative of the Bac- 
terium aerogenes group, isolated quite independently from the 
same outbreak, and evidently a duplicate of Bl. The other 
cultures used in this series were obtained within a few preceding 
months from different outbreaks of ropy milk within the Chicago 
territory, except the culture I which came about a year earlier 
from an outbreak in the University dairy. With the exception 
of B2, these cultures were apparently all representatives of the 
Bacterium viscosum group 

The results of this test are given in table 2. 


TABLE 2 


Growth after heating in bouillon to temperature for ten minutes 


CULTURE 

i 

55‘’C. 

60®C. 

65“C. 

B2 

+ 

— 

— 

B3 


* 

— 

B4 

+ 

♦ 

— 

B5 

+ 

— 

— 

B6 

-h 

♦ 

— 

B7 

+ 

♦ 

— 

B$ 


* 

— 

B9 

4- 1 

4- 

- 

I 


— 

— 


* Indicates that one of the three Sternberg bulbs produced growth. 


From the results given in table 2 it is seen that five of the 
nine cultures show a thermal death point at approximately 
60°C., since of three bulbs of each culture simultaneously exposed 
to this temperature for ten minutes two failed to survive, while 
in the third bulb some of the germs remained alive. In the case 
of culture B9, germs in all three bulbs survived, while in cultures 
B2, and in I, all perished during the heating at this temperature. 

It is also of interest to note that culture I, which had been 
cultivated in the laboratory for about a year, showed a distinctly 
lower thermal death point. 
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Since the temperature and time of heating used in commercial 
pasteurization is 140®-145° F. (60°-62.8°C.) for thirty minutes, 
it is difficult to understand from the above results why these 
germs made trouble in the pasteurized product of the milk 
companies. 

In the established methods for thermal death point determina- 
tions, care is exercised to avoid the presence of masses of growth 
in the material as tested, and the test is made with bouillon 
through which heat passes readily. Under commercial condi- 
tions the ropy milk germs grow for some hours in the full milk, 
developing colony masses of growth, and full milk offers decidedly 
more resistance to the passage of heat than does bouillon. 

Accordingly, in order to copy commercial conditions more 
closely, flasks of sterile whole milk were inoculated from trans- 
fers of the same cultures used in the first experiment. After 
standing about eighteen hours, the milk was decidedly ropy. 
It was then, without filtering, transferred to Sternberg bulbs, 
and these bulbs were exposed 10 minutes in triplicate at 55°, 
60°, and 65°C. After being heated, the bulbs were cooled, the 
material transferred to sterile milk, held at 20°C., and observed 
as in the first experiment. 

The results of this test are given in table 3. 


TABLK 3 

Growth after heating in milk to temperature for ton minutes 


CULTURE 

65*C. 

eo-'C. 

65“C. 

Bl 

*+• 


— 

N 

— 

— 

— 


Again there is evidence that the culture of Bacterium aero- 
genes (Bl) was distinctly better able to withstand heating than 
was the culture of Bacterium viscosum (N). In this case the 
result is in part due to the fact that Bl grew much the better in 
the milk, and as a result, the milk containing this culture was 
much more ropy at the time it was heated. Particularly in the 
milk containing the culture of Bl, the development of the ropy 
germ exceeded anything which would probably occur in milk 
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about to be pasteurized commercially. It is therefore of inter- 
est to note that, while these germs were able to survive a heat- 
ing for ten minutes at the minimum pasteurizing temperature, 
they did not survive a heating for ten minutes at 65®C., which 
is but slightly above the maximum temperature often attained 
in the commercial pasteurizing process. 

In order to more severely test the ability of masses of bacteria 
to survive high temperatures, a fourth series was tested, using 
the same cultures. In this case transfers were grown twenty- 
four hours on agar slopes; the somewhat tough growth was 
rubbed loose with a platinum wire, and the fragmented material 
washed out into sterile whole milk, using about 10 cc. of water 
in making the transfer. The resulting suspension containing 
considerable masses of bacteria was put, without filtering, into 
Sternberg bulbs and heated in triplicate at 55®, 60°, and 65°C. 
These heated bulbs were cooled and tested as in the preceding 
series. The results are given in table 4. 


TABI,K 4 ^ 

Growth from bacterial ma,s8e8 after heating to temperature for ten minutes 


CULTURE 

65*C. 

60*C 

66*C. 

Bl 

-f 

-f 

•f 

N 

1 

-f 

— 

— 


Once more a greater ability to withstand heating is shown by 
the culture of Bacterium aerogenes (Bl). However, in this 
case also, the greater vigor of its growth on the agar slope is 
undoubtedly a factor in this result. 

Comparing the results from this foui;th series with those of 
the two preceding trials, it is seen that the increased size of the 
bacterial masses in the material tested measurably increases 
the ability of the germs to withstand brief exposures to high 
temperatures. 

It has been shown that the thermal death point of these cul- 
tures of ropy milk organisms is approximately 60°C. (140° F.) 
on a ten-minute exposure, and that imder commercial conditions 
the resistance of these germs may be measurably increased. 
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Accordingly, all the cultures were given a test designed to be 
more severe than the most extreme conditions which would occur 
in connection with commercial pasteurization. 

Flasks of sterile whole milk were inoculated from the various 
cultures about eighteen hours before the test. At the timp! this 
inoculated milk was transferred into the Sternberg bulbs, a 
number of the flasks were extremely ropy, and some ropiness 
was evident in all of the .flasks. Triplicate flasks were used for 
each germ for each period of exposure, and the effect of heating 
to 140° F. (60°C.) was tested at the end of ten, twenty and 
thirty minutes. The results of this heating were tested as in 
the preceding series, and the results are shown in table 5. 


TABLE 5 

Growth from ropy milk after heating at 140 "^ F, 


ClTIiTUHB 

10 MINUTES 

20 MINUTES 

80 MINUTES 

B1 

+ 

+ 

_ 

B2 


-f- 


B3 

— 

— 

— 

B4 



— 

B5 


+ 

— 

B6 

• + 

+ 

— 

B7 

+ 

— 

— 

B8 

+ 

— 

— 

B9 

+ 

+ 


N 

♦ 

— 

— 

I 

— 

— 

— 


* Growth appeared in the material from one of the three bulbs. 


The results given in table 5 show that two of the eleven cul- 
tures were completely destroyed after heating to 140° F. for 
ten minutes, and one of the other cultures was almost destroyed. 
Only six of these cultures survived a heating fSr twenty minutes, 
and all of the cultures were destroyed before the end of thirty 
minutes. 

In considering the application of ^hese results to commercial 
pasteurization, it should be remembered that the temperature 
was so controlled during the progress of this test as to vary not 
more than one half a degree from 140°. It should also be noted 






516 


H. A. HARDING AND M. J. PRUCHA 


that this test was conducted at the minimum temperature used 
in commercial pasteurization, while in commercial work during 
pasteurization much of the time the temperature of the milk is 
between 142° and 144° F. Furthermore, the development of 
the germ life in the milk used in this test had proceeded far 
beyond what would be encountered in commercial pasteuriza- 
tion, and the results given in tables 3 and 4 show that this more 
abundant growth increased the ability of the germs to withstand 
heating. 

Accordingly, in the light of all these studies of the relation of 
the ropy milk germs to temperature, it seems clear that proper 
pasteurization of milk at 140°-145° for thirty minutes should 
destroy any ropy milk organisms which may be in the milk. 

CONTROL OF THE TROUBLE 

If this summary of the situation is correct, next to souring the 
most common change occurring in milk is the development of 
ropiness. Unfortunately holding milk at low temperature, 
which markedly checks acid development, has little restraining 
influence upon the development of the ropy milk organisms. 

Just as sour milk is selected by many as a desirable drink, 
ropy milk is prized by some people as a desirable dish. How- 
ever, for the city milk trade both changes are undesirable, and, 
therefore, it is to the advantage of the milk producer and dealer 
to prevent or delay both forms of change. 

Where the milk is to be sold raw, the control of ropy milk is 
limited to preventing, as fully as possible, the ropy germs from 
getting into the milk. Experience has* shown that the ropy 
organisms, when once they are introduced into a dairy, develop 
freely on the dairy utensils. Accordingly, when ropiness devel- 
ops in connection with a given dairy, the most helpful procedure 
is to treat all objects coming into contact with the milk between 
the cow and the consumer. Where a large steam chamber is 
available, this treatment may take the form of live steam. 
Where an abundant supply of hot water is at hand, putting the 
utensils into hot water and bringing all parts of the utensils up 
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to 200° F. for a few minutes will suffice. Where both these 
means of treatment are lacking, recourse may be had to chem- 
ical disinfection. 

A 12-ounce can of good strength bleaching powder (chlorinated 
lime) added to 100 gallons of water will give a powerful disin- 
fecting solution. All pails, strainers, cloths, brushes, and other 
utensils which come into contact with the milk are then put into 
this solution and allowed to remain fifteen or twenty minutes. 
On removing utensils from such a solution, they should be 
promptly rinsed to stop the action of the chemicals. 

It should be understood that this exposure to heat or to disin- 
fectants followed by thorough washing leaves nothing on the 
utensils which will prevent the growth of ropy milk organisms if 
they find their way to the utensils after treatment. In actually 
carrying out such a disinfecting campaign at the farm, it occa- 
sionally happens that there is overlooked some pail, dipper, or 
other object which has been in contact with the ropy milk. If 
in connection with the handling of the milk, the germs on this 
one utensil spread to others, the result of the disinfection is lost 
and the trouble will reappear in the milk. 

Where cooling tanks are used in a dairy having this trouble, 
the ropy germs are commonly present in the water in the tank. 
Accordingly, unless the tank is also disinfected, the outside of 
the cans will. be re-seeded promptly with the ropy germs. To 
prevent this the cooling tank is emptied, scrubbed, and used in 
making the disinfecting solution described above. In such 
cases it is well to scrub both the tank and the interior of the milk 
house with the disinfecting solution. 

In the actual handling of outbreaks where this work of disin- 
fection is carefully and thoroughly done, the trouble rarely 
reappears. Occasionally, however, as in the case of this out- 
break, there is a source of infection outside of the circle reached 
by this treatment, and from this source the trouble is renewed. 

In the case of a company receiving milk which is to be pas- 
teurized, the situation is somewhat different. Where the ropy 
milk is being furnished by one or two patrons, the treatment 
outlined for the dairy is usually efficient. However, when there 
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is an outbreak in any measure approximating the extent of the 
one here described, this procedure becomes expensive. It also 
tends in various ways to develop dissatisfaction among the 
patrons. Under such circumstances, it is entirely possible to 
handle the situation by giving attention to conditions at the 
milk plant. 

Attention has been called to the possibility of spreading the 
trouble through lack of care in handling the washed cans. Every 
consideration in the case calls for' a thorough steaming and drying 
of the washed cans. 'While increasing attention is now being 
given to this question at many milk plants, the present methods 
in most cases leave much to be desired, particularly in the dry- 
ing of the cans and the can covers. 

The results which have already been given show that the 
ropy organisms will not survive pasteurization at 140° F. for 
thirty minutes. Accordingly, all that is necessary in order to 
free the incoming milk from these germs is to be sure that the 
milk is all actually heated for this length of time and to this 
temperature. This involves careful attention to the process, 
particularly at the beginning and at the close of the pasteuriza- 
tion operations for the day. 

Attention has already been called to the readiness with which 
the ropy germs develop upon the utensils at the dairy. They 
grow with equal readiness upon the utensils at the milk plant. 
Whenever any of them escape destruction in the pasteurizer, 
they may grow and make trouble. Horizontal coolers and bot- 
tlers are usually not so treated as to destroy such germs. This 
destruction may be best accomplished^ by surrounding these 
utensils with canvas and treating them with live steam. Milk 
pumps are also difficult to treat satisfactorily. The washing 
process should be followed by a thorough steaming of the entire 
milk handling system, giving particular attention to the portion 
between the pasteurizer and the bottle. Just before begiiming 
operation the following morning, the entire milk line should be 
treated again with hot water or steam. 

Attention, likewise, should be given to the milk bottles. 
These frequently bring the germs of ropy milk into the plant 
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and infect a considerable number of bottles in the washing vat. 
Unless the bottle washing process terminates with a treatment 
which brings the bottles to at least 200° F., there is a probability 
that these germs may develop again when the bottles are filled 
with milk. 

Care is especially necessary in the handling of pasteurized 
cream held over from the preceding day which is bottled before 
beginning work on the milk. WTiere the cream is infected, the 
germs develop even in cold storage, and the bottling of the cream 
leads to a heavy infection of the bottling machinery. 

When a milk plant is well seeded with the germs of ropy milk, 
it is quite difficult to immediately locate and destroy all of them. 
On the other hand, careful attention to the details of pasteuriza- 
tion, combined with careful steaming of all the utensils between 
the pasteurizer and the completion of the bottling, will at once 
reduce the infection to so low a point that it will cease to cause 
complaint among the consumers. 

FACTORS INFLUENCING DISTRIBUTION 

While ropiness, next to souring, is probably the most common 
change in milk, the souring of milk is almost universal. The 
development of acid hinders the development of the germs ordi- 
narily producing ropiness in sweet milk with the result that raw 
milk held at room temperature practically always sours. As 
more careful attention to the handling of milk reduces the num- 
ber of acid producing germs which are added to it, or the milk 
is held at a lower temperature which is relatively more favorable 
to the development of the ropy germs, or the acid producing 
germs are largely destroyed by pasteurization, the chances 
become more favorable for the development of the ropy germs. 

However, ropiness in milk is the result of the growth in the 
milk of some representatives of a rather small group of germs. 
Even though the conditions in general are gradually becoming 
more favorable for the development of ropiness, it does not 
necessarily follow that the ropy germs will be at hand to take 
advantage of these improved opportunities. Little is known 
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regarding the places in nature where these ropy milk germs 
flourish, though there is some ground for believing that at times 
they may be normal inhabitants of water. However, the fact 
that this change in milk has been known in every land as far 
back as history goes suggests that the causal organisms are 
rather widely spread. 

Recent observations have also developed the fact that ropy 
milk organisms are frequently present in small numbers in a 
milk supply which is quite acceptable to the consumers. In 
other words, ropy milk germs are more common members of 
the ordinary milk flora than is commonly understood at present, 
and objections are raised to them by the consumers, only when 
they become so abundant that their action on the milk becomes 
obvious. 

It has been thought that the more frequent appearance of 
ropy milk is due to the development of new or more virulent 
ropy milk organisms. From the facts which have been here 
presented, it can be seen that this result can be even better 
explained on the basis of an improved handling of the milk which 
is directed against acid-producing germs, and which indirectly 
favors those producing ropiness. 

In the case of the somewhat startling outbreak here recorded, 
its unusually wide distribution was probably due to some wide- 
spread natural source of infection, rather than to any unusual 
characteristic of the causal organism. 

If the thesis here developed is correct, conditions for the 
development of outbreaks of ropy milk become more favorable 
as the milk is so handled as to reduce the tendency for it to 
become sour. 

While there is little or no evidence that the causal oiganisms 
have taken on an increased vigor, this change in conditions will 
lead to more frequent outbreaks, unless steps are taken to coun- 
teract these new tendencies. Both on the farm and in the milk 
plant more care should be exercised in the handling of the uten- 
sils which come into contact with the milk. Where pasteuriza- 
tion is properly done, and the utensils at the milk plant are 
properly handled, an outbreak of ropy milk may be controlled, 
even where attention is restricted to these items. 
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The changing methods of milk production and handling are 
making it relatively easier for an outbreak of ropy milk to occur, 
but the increased knowledge of the growth conditions and tem- 
perature relations of the causal organisms are making it fairly 
easy to control such outbreaks. 
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A COMPARISON OF THE BUTTERFAT CONTENT AND 
THE TOTAL SOLIDS CONTENT OF CREAMS OF 
VARYING RICHNESS SEPARATED FROM THE SAME 
SAMPLE OF MILK 

B. A. 8TIRITZ AND O. R. OVERMAN 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 

The manufacturers of ice cream for a munber of years have 
given careful consideration to the butterfat content of cream, 
both from the standpoint of purchasing cream and from the 
standpoint of the percentage of fat in their finished product. 
This has been due partially to the fact that the value of the cream 
has been set largely by its butterfat content, and also because a 
minimum fat content of the finished product is set forth in legal 
standards. Little attention has been given to the percentage 
of the solids-not-fat in cream, even though the ice cream manu- 
factiu^r has realized that a certain percentage was necessary 
to produce a good quality of the finished product. However, 
because of the increased cost of materials that go to make up 
the ice cream mix, the ice cream manufacturer has recently 
become keen in standardizing not only the butterfat, but the 
milk solids-not-fat as well. 

Many analyses of milk and cream can be found in dairy litera- 
ture, however very few data, if any, are available which give a 
comparison of the composition (fat, solids-not-fat, and total 
solids) of creams and the original milk from which they are 
separated. Various formulas have been used for estimating the 
amount of solids-not-fat in milk and cream, one commonly Aiaed 
being the pounds of milk serum (total weight of milk or cream 
minus the butterfat content) multiplied by 8.9 per cent. For 
example, using this formula there would be 6.23 per cent of solids- 
not-fat in 30 per cent cream. 

The present investigation was carried on in order to determine 
the relation between creams of different fat contents obtained 
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from the same sample of milk; to make comparisons between the 
compositions of different samples of milk and cream and of 
creams obtained by the use of different makes of separators; 
and to determine whether the above stated formula is accurate 
enough for practical use in standardization. 

Samples of milk representing four dairy breeds (Jersey, 
Guernsey, Ayrshire, and Holstein) and mixed milk as received 
at a milk plant were used, and also four different makes of 
separators. Normal conditions were employed in the use of the 
separators, i.e., the milk was separated at a temperature of 
85°F., and the speed of the bowl was held at the point which the 
respective manufacturers recommend for maximum efficiency in 
separation. 

The separator was adjusted to deliver a low testing cream. A 
sample of this cream was taken. The machine was then read- 
justed to deliver a higher testing cream, and a sample was taken. 
This procedure was repeated until four or five samples of cream — 
each varying in the butterfat content — were secured. These 
samples, along with the original sample of milk, were analyzed 
for butterfat by the Roese-Gottlieb method, and for total solids 
by the “Official Method” (using aluminum dishes). The per- 
centage of solids-not-fat in each sample of cream and milk was 
determined by the difference between the total solids and the 
butterfat content. 

The results of 71 determinations in 14 separate runs — ^with 
the source of the supply and the separator used varying — are 
condensed in the following tables and graphs. The separators 
are designated by the letters A, B, C, and D, and not by their 
respective trade names. 

The results show that the percentage of total solids varies in 
direct proportion with the increase in the percentage of butterfat 
(fig.’l). 

The percentage of solids-not-fat decreases as the butterfat 
content increases, but the variation is not in any definite inverse 
proportion. The percentage of solids-not-fat decreases very 
rapidly as the butterfat content increases up to 20 per cent, but 
it decreases less rapidly as the butterfat increases from 20 to 
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60 TO 70 PEB CENT 
CREAM 

SNF 

per 

cent 

3.5S 

2.9C 

OQ 

H 

per 

cent 

63.80 

67.59 

Fat 

per 

cent 

60.22 

64.69 

50 TO 60 PEB PENT 
CBEAM 

SNF 

per 

cent 

5.14 

4.19 

4.01 

4.23 

4.23 

4.36 

3.05 

4.79 

5.21 

DO 

E-i 

per 

cent 

55.46 

1 

58.00 

58.28 
63.36 
63.68 

60.60 

62.14 

55.86 

56.28 

Fat 

per 

cent 

50.31 

53.82 

54.28 

59.13 

59.46 

56.24 

58.09 

51.07 

51.07 

40 TO 50 PER CENT 
CBEAM 

SNF 

per 

cent 

5.26 

5.58 

5.01 

6.75 

6.10 

6.14 

4.88 

4.41 

4.47 

6.28 

5.07 

4.82 

1 

T.S 

per 

cent 

51.30 

45.84 

52.39 

51.05 

50.87 

50.61 

49.55 

49.30 

48.21 

52.51 

49.72 

51.46 

Fat 

per 

cent 

46.04 

40.25 

47.38 

45.29 

44.77 

44.47 

44.67 

44.89 

43.74 

46.24 

44.65 

46.64 

30 TO 40 PEB CENT 
CBEAM 

SNF 

per 

cent 

6.05 
5.56 
5.49 
5.76 
5 80 

6.41 

4.72 

5.02 

5.37 

3.33 

5.96 

QQ 

per 

cent 

36.49 

38.86 
45.35 

41.87 
43 97 

43.95 

44.47 

43.92 

41.71 

43.22 

37.10 

t 

Fat 

per 

cent 

30.44 

33.30 

39.86 

36.11 

38.42 

37.54 

39.76 

38.90 

i 

36.34 

39,89 

31.15 

20 TO 30 PEB CENT 
CBEAM 

SNF 

per 

cent 

1 

6.40 

6.89 

4.91 

i 

I 

8.20 

1 

CO 

H 

per 

cent 

29.04 

27.69 

33.07 

33.76 

Fat 

per 

cent 

^.63 

20.80 

1 

j 

28.15 

25.56 

1 

10 TO 20 PER CENT 
CBEAM 

SNF 

^ 

T.S. 

feB 2 

Fat 

per 

cent 

13.02 

OBIGINAL MILK 

SNF 

per 
cent \ 

9.13 

9.36 

10.53 

8,97! 

8.03 

,8.81 

7.23 

9.46 

9.99 

9.00 

9.00 

i 

t 

CO 

H 

per 

cent 

14.02 

14.12 

I 6 .I 9 I 

12.39 
13.84 
13.87 

10.89 

13.17 

14.48 

13.30 

12.40 


per 

cent 

4.89 

4.76 

5.66 

3.42 

5.81* 

5.06 

3.66 

3.71 

5.50 

4.30 

3.40 

1 
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45 per cent. From this point, the percentage of solids-not-fat 
decreases in about the same ratio with the percentage of butterfat 
increase, as was the case when the butterfat was increasing from 
5 to 20 per cent (fig. 2). 

The table shows that creams of the same butterfat content 
are approximately the same in their content of total solids, and 
of solids-not-fat regardless of the source of supply of the original 
milk or the separator used in the separation process. Although 
there is this close relationship in the case of these creams, it will 
be noted that the original milk of the various breeds varies with 
the usual marked differences. A large variation in the total 
solids and the solids-not-fat is shown among milks having prac- 
tically the same butterfat content, but after the milks have been 
run through the separators, creams of practically the same butter- 
fat content are very closely related in their content of total solids 
and of solids-not-fat. 

The determinations show that the formula (8.9 per cent of 
the milk serum equals the serum solids) does not give the actual 
serum solids content, but can be used only to approximate the 
amount. The largest variation of the actual analyses from the 
content as calculated by the formula is 0.5 per cent. This is 
a large variation when one takes into consideration the fact that 
the solids-not-fat do not run over 6 to 7 per cent for creams which 
are mainly used in preparing ice cream mixes, etc., i.e., creams 
testing from 15 to 30 per cent butterfat. For creams of this 
richness, the formula figures the serum solids higher than they 
really are, and a material loss both financially and in the quality 
of the finished product may result. From the example given 
in the fore part of this article, a 30 per cent cream was found to 
contain 6.23 per cent solids-not-fat by the formula, but by 
chemical analyses it was found to contain 6.05 per cent, which 
means an error of 2.975 per cent. Thus for every hundred 
pounds of solids-not-fat computed by the formula, there is a loss 
of practically three pounds of solids-not-fat in the finished 
product. In the case of creams testing over 41 per cent, the 
chemical determinations show that the percentage of solids-not- 
fat (or serum solids) is larger than the amount as calculated by 
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the formula. For the creams testing under 41 per cent, the 
formula gives a higher content than is found in the cream by 
the analyses. 

To a certain extent, the practice of considering cream as being 
skim milk plus the butterfat content is also erroneous. The 
table of analyses and the graphs show that the serum of the 
cream does not compare in composition to the serum of the skim 
milk owing to the fact that there is a variation in the rate of a 
decline in the amounts of water and solids-not-fat as the per- 
centage of butterfat in the creams increases. Whether or not 
this is a fixed variation was not determined. 



A STUDY IN BULLS 

ANDREW C. McCANDLISH and LAURENCE M. WINTERS 

Animal Husbandry, Dairy Husbandry Section, Agricultural Experiment Station, 
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The high producing dairy cow of today is the result of intel- 
ligent breeding, feeding, and selection, and on these factors 
depends largely the future development of the dairy industry. 
More cows are imdoubtedly needed to increase the national 
supply of dairy products, but, if economy of production is to 
receive the consideration which it deserves, better cows are of 
even greater importance. 

It is recognized that the sire in use on a dairy farm may have 
a profound influence on the future usefulness of the herd and 
this point is being emphasized at the present time by the nation- 
wide campaign to promote the use of better bulls. Consequently, 
a study of the relative values of a few bulls may not be out of 
place especially as it brings out some important problems in 
breeding. 

R^lSUMfi OF PREVIOUS WORK 

A considerable amount of work has been done to show the 
value of purebred bulls as demonstrated by the records of their 
daughters while producing \mder the supervision of the Breed 
Associations and the Experiment Stations. This work is valu- 
able but it need not be considered here as it deals with selected 
populations — cows which did not come up to certain standards, 
set by the Breed Associations, being automatically eliminated. 
Work with imselected populations is more limited. 

In his work with the Jersey herd at the University of Missouri 
Eokles (1) has shown the differences which occur in the abilities 
of bulls to sire daughters capable of good production. 

In the Missouri work no age allowance was made but where 
only a limited number of records for the heifers were available 
they were compared with the corresponding records of their 
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dams. There are vast differences in the values of these bulls 
so far as the producing abilities of their daughters are concerned. 
The daughters of the best bull produced 61 per cent more butter- 
fat than did their dams while those of the least valuable bull 
gave 26 per cent less fat than their dams. Some of the bulls 
had daughters which differed very little from their dams in 
producing ability. 

TABLE 1 


A comparison of the Jersey sires used in the University of Missouri herd 



DAMS 

DAUOItTERB 

INCREASE IN 
PRODucrriON 

SIRE 

*o 

Number of 
lactations 

Average 

production 

*© 

^ «0 
si 

Average 

production 




el 

!z: 

Milk 

Fat 

li 

5? 

ll 

Milk 

Fat 

Milk 

Fat 

Missouri Rioter 

Hugorotus 

4 

11 

23 

62 

Iba. 

5380 

4969 

lbs. 

234 

231 

4 

11 

26 

50 

lbs. 

4381 

4576 

Iba, 

216 

245 

per 

cent 

-19 

—8 

per 

cent 

-8 

6 

30 

61 

1 

Lome of Meridale 

12 

66 

4559 

231 

12 

67 

5969 

287 

31 

68 

1 

Missouri Rioter 3rd. . 
Minette’s Pedro 

3 

20 

14 

66 

4775 

5321 

238 

268 

3 

20 

15 

66 

8005 

5376 

384 

271 

Brown Bessie’s Reg- 
istrar 

5 

8 

6029 

293 

5 

8 

4295 

217 

-29 

-26 




It is reported from the Ohio Station (5) that one Holstein 
bull in the station herd had daughters which produced 1299 
pounds more milk and 40 pounds more fat than their dams while 
a Jersey bull in the same herd had daughters yielding 700 poimds 
less milk and 45 pounds less butterfat than their dams. 

Work reported by Edldee and McCandlish (2) showed that 
purebred sires did much in one generation to develop a herd of 
good producing cows from a foundation of scrubs and later 
results on this project by McCandlish, Gillette and Kildee (4) 
showed that the use of purebred sires on a scrub herd could 
double the milk and butterfat production in two generations. 

Further interesting information was obtained in this work 
regarding the variations in the ability of two Guernsey bulls 
to sire good producing daughters. The Missouri work shows that 
some purebred sires are not good enough to head a purebred 
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herd and the Iowa results clearly demonstrate that some pure- 
bred sires should not even be used on scrub or grade cows. The 
daughters of one of the Guernsey bulls imder consideration 
produced 35 per cent more butterfat than did their scrub dams 
while the daughters of the other bull produced only 2 per cent 
more fat than their scrub dams. 

Lawritson and his co-workers (3) discussed the value of a 
Jersey and two Holstein bulls used at the Nebraska Station. 


TABLE 2 

A comparison of sires used at the Nebraska Station 



DAMS 

DAUGHTERS 

INCREASE IN 
PRODUCTION 

ftIRRS 

O 

u 

Number of 
lactations 

Average 

production 

*3 

BD 

Zs 

Average 

production 




^ s 
fig 

Milk 

Fat 

a| 

a g 

II 

Milk 

Fat 

Milk 

Fat 




pounds 

pounds 



pounds 

pounds 

per 

cent 

per 

cent 

Jersey 











Golden Shy lock 


21 

6,491.1 

345.7 

12 

21 

8,496.9 

466.1 

31 

35 

Holstein 

Prince Ormsby Mer- 
cedes DeKol 

King Segis Henger- 

3 

6 

13,704.6 

435.6 

3 

6 

17,677.2 

660.6 

1 

29 

52 

veld Vale 

5 

8 

13,630.7 

454.2 

5 

8 

17,261.5 

600.0 

27 

32 




The first and second lactation periods of the daughters of these 
bulls were compared with the corresponding periods of their 
dams. For the purposes of comparison and unifomiity an age 
allowance has been made for those records and where immature 
records for the dams are not available the records of the daughters 
have also been deleted. The records used here are therefore on 
a different basis than that on which they were originally reported. 

In this work it was found that each of the three bulls dis- 
cussed had a considerable influence in increasing the productivity 
of the herd. 
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SOURCE OF DATA 

This study comprises a summary of the results obtained 
through the use of bulls in the purebred herds on the Iowa State 
College Dairy Farm since its establishment as a separate imit 
in 1907. Some bulls, including a few that were used for a short 
time only, have had but one daughter complete one or more 
lactation periods on the farm, and so the data concerning these 
have been excluded as valueless. 

All normal records completed by the purebred daughters of 
the other bulls have been included and the records of these cows 
are compared with the records of their dams. Where records 
are of long duration only the first 360 days are considered. 


TABLE 3 

Percentage of mature production expected of immature heifers 


AO£ 

PXRCKNTAGE OF MATURE PRODUCTION 

yean 


1 

70 

2 

80 

3 

86 

4 

95 


To make the records comparable an age allowance has been 
introduced. All records are computed to the mature — ^five-year 
old — basis and the scale of allowances for different ages is based 
on a study made at the Iowa Station of over 10,000 yearly records. 

Unfortimately the numbers of daughters of the various bulls 
are in some cases not large, but som4 indication of the value 
of the bulls can be obtained from the records. 

DISCUSSION OF RESULTS 

The five bulls of four dairy breeds that were used in this work 
were evidently of different values so far as their abilities to sire 
good producing daughters were concerned. It is not possible 
to rank the bulls absolutely according to their abilities as can 
easily be seen from a study of the records of the two generations 



TABLE 4 

Summary of results with sires used at Iowa State College 
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3.51 
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4.71 

Fat 
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pounde 

330 44 

286 98 

457.50 

356 30 

343.25 

Milk 

pounds 
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6.630.9 
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7.667.9 

7,280 4 
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Imp. Rouge II^s Son. . 
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Jersey 

Fox's Lad O'Dream- 

wold 

Pogis 80th of Hood 
Farm 
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of females considered and no breed distinctions should be 
attempted. This is further emphasized by the fact that within 
one breed are two bulls, one of which produced a 15 per cent 
increase and the other an 18 per cent decrease in the fat pro- 
duction of the herd. 

Three of the bulls considered were valuable as herd improvers 
as their daughters produced from 15 per cent to 31 per cent more 
butterfat than did their dams : The daughters of. one produced 
only 3 per cent more milk and fat than did their dams so he 
did not work any marked improvement, but it should be remem- 
bered that the cows to which he was mated produced on the aver- 
age over 100 pounds more butterfat per year than did the cows 
to which the other bulls were mated. The remaining bull was 
a detriment to the herd as his daughters produced 22 per cent 
less milk and 18 per cent less fat than did their dams. 

It is very generally considered that milk production can be 
changed more rapidly than can the yield or percentage of butter- 
fat but in the cases under consideration the reverse proved to be 
true as a rule. 


THE INDIVIDUAL BULLS 

The individual bulls do not need consideration in great det ail 
as a general rule but it may be said that the three daughters of 
the Ayrshire bull, Willowmoor Robin Hood 19th, were all out 
of different dams and two of them exceeded their dams in produc- 
ing ability while the other was of about the same capacity as 
her dam. 

The Guernsey bull, Imp. Rouge II's Son, had eight daughters 
out of five different cows and on the av^age they produced 25 
per cent more butterfat than their dams. They varied greatly 
in producing ability, however, the average production of the 
best one being 400.58 pounds, while that for the poorest was 
271.79 pounds of fat. There seem to be two main reasons for 
this and these will be discussed later. 

The daughters of the Holstein bull, Spring Farm King Pontiac 
8th, were all from different cows and in five cases they were 
better producers than their dams. 
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The three daughters of the Jersey bull, Fox's Lad o'Dream- 
wald, were all from different cows and in each case they were 
poorer producers than their dams. The other Jersey bull, Pogis 
80th of Hood Farm had nine daughters out of 7 cows and in all 
but three cases they were better producers than their dams. 

INDIVIDUALITY AS A PRODUCTION DETERMINANT 

The individual cow must be looked on as the unit when 
milk production is being considered and its great importance is 
emphasized by a few cases found in the present study. 

From a survey of the records given in table 5 it can be seen 
that animals which were full sisters varied greatly in their pro- 
ducing ability on several occasions. The two cows 247 and 298, 
out of cow 97 and by Imp. Rouge II's Son were both much better 
producers than their dam and were quite uniform in production. 
When two other daughters of Imp. Rouge II's Son are considered, 
namel 3 ^ cows 225 and 267 out of cow 98, a quite different set 
of conditions are found as cow 225 produced the same amount 
of fat and 14 per cent less milk than her dam while cow 267 
produced 35 per cent more milk and 61 per cent more butterfat 
than her dam. 

A similar condition is found in the case of some of the daughters 
of the Jersey bull Pogis 80th of Hood Farm. The two cows 
201 and 289 were full sisters, out of cow 13 and while cow 289 
produced 26 per cent more fat than her dam cow 201 produced 
only 6 per cent more. Another pair of full sisters were cows 
194 and 223 out of cow 127 and while cow 194 produced 54 per 
cent less fat than her dam, cow 223 produced 10 per cent more. 

These facts clearly show that the factor of individuality is of 
exceedingly great importance in determining the production of 
an animal — in fact it is the greatest factor, others being only 
subsidiary. Two animals may be of the same ^^breeding" but 
of absolutely different powers so far as their “individual" pro- 
ducing ability is concerned. It must be admitted however that 
the greater the attention given to the selection of breeding 
stock for a number of generations the less will be the variation 
in producing ability of the individual animals of the same or 
similar breeding. 
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7837.6 419.89 6.36 
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“nicking” 

When animals are mated and the offspring resulting approaches 
the ideal which is being sought the animals mated are said to 
“nick” well. The problem of nicking is not given due consider- 
ation and in many cases a bull is discarded as useless because he 
did not give satisfactory results when mated to a certain group 
of cows, whereas, if he had been mated to other animals the 
results might have been excellent on accoimt of the proper 
“nicking” taking place. This is well demonstrated in the case 
of the daughters of the Guernsey bull. Imp. Rouge II’s Son. 

At present records are available on 8 daughters of Imp. Rouge 
II’s Son out of 5 cows and some good illustrations of the value 
of nicking can be found by dividing the daughters of this bull 
into two groups — those from cows producing less than 300 
pounds of butterfat per year and those from cows producing 
more than this amount. 

The two cows, 97 and 98, producing less than 300 pounds of 
butterfat per year had an average production of 264.27 pounds, 
while their 5 daughters — except No. 225 which just equalled 
her dam in fat production — exceeded their production by a 
considerable margin, the average increase being 47 per cent. 

The three cows, 123, 186, and 187 produced on the average 
over 300 pounds of butterfat yet the daughters of these cows 
were in every case poorer than their dams, the average decrease 
being 10 per cent in butterfat 3deld. 

If Imp. Rouge II’s Son had been mated only to the cows in 
group II he would have been classed as of no value but his daugh- 
ters out of the cows in group I were not only better producers 
than their dams but they were also better than the cows of group 
II. Consequently, it must be deduced that so far as milk and 
butterfat production were concerned Imp. Rouge II’s Son did 
not nick well with the cows in group I. This fact must never 
be neglected in judging the merits of a bull for breeding purposes. 
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SUMMARY 

1. Purebred dairy bulls vary greatly in their ability to trans- 
mit producing capacity to their offspring. 

2. This is not a breed characteristic. 

3. In determining the value of a bull the difficulties he has 
to overcome must be taken into consideration. When a bull 
is mated to high producing cows it is not always easy to have 
the next generation producing much better than their dams. 

4. Animals of the same or similar breeding may vary greatly 
in producing ability due to individual characteristics. 

5. Difficulty will sometimes be found in getting a bull that 
will ‘^nick^^ properly with all the cows in a herd. 

6. If the production of a herd is to be increased rigid selection 
on the basis of production must accompany intelligent breeding. 
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BACTERIAL CONTROL IN MILK PLANTS 

RUSSELL S. SMITH 
Department of Agriculture, Washington, D. C. 

Milk inspectors and health officials should not rest assiu^d of 
a safe product because of the mere presence of a milk pasteur- 
izing plant in their city. Special attention must be given to the 
operation of such a plant in view of the fact that unless it is 
properly operated it may become a chance source of infection 
to the community. 

In many instances, only an attempt at the process of pasteur- 
ization is being made. This is due to either a lack of proper 
attention and responsibility or to the absence of understanding, 
or the part of the operators, as to the functions and reasons for 
the process. 

Bacteriological control of the process of pasteurization and of 
the condition of the subsequent containers and contact surfaces 
is essential. This examination should not be left entirely to the 
pasteurizing plant, but should be made frequently by com- 
petent officials under the direction of milk inspectors or health 
officials who are responsible for the condition of the milk supply 
and of the health of the community. 

In considering the efficiency of various pasteurizing processes, 
it should be understood that the percentage reduction of bacteria 
in raw milk by heating does not form a measure of safeness of 
the final product. After heating, the eo-called pasteurized milk 
is changed from its original condition and any inoculation sub- 
sequent to the heating introduces an uncertain element which 
may be of concern and which may void the reduction in bacteria 
already secured by heating the milk. 

In the examination of milk to determine the percentage of 
reduction due to the heating process, a series of samples should 
be taken aseptically at intervals at the points representing defi- 
nite stages in the- pasteurizing process. It is only in this maimer 
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that undue changes in the bacterial content can be noted and 
corrections made. 

An accurate thermometer should be used to note the tempera- 
ture at the various stages. 

The first series of samples should be secured from raw milk 
entering the heating apparatus. 

After the heating and holding process, in which temperature 
and time should be noted, another series of samples should be 
secured in the same manner at the point where the milk leaves 
the holder. This point of sampling varies with different appa- 
ratus and especially when the enclosed type of holder is used so 
that it is not always possible to secure samples immediately 
after the milk is held. 

If milk is pumped, a series of samples should be secured 
before and after the pumping process. 

Following the holding process, milk is usually run over a cooler 
and as it comes from the cooler, a series of samples should be 
secured and temperature noted. 

The cooling process is usually followed by the bottling and a 
series of samples from the bottled milk should be secured and 
temperature noted. 

In some plants the bottled milk is stored for a certain period 
in a refrigerator room prior to delivery. Sometimes this is an 
over-night storage and in such instances a series of samples of 
the held-over milk should be secured and the time of storage 
and temperature of the milk and the temperature of the storage 
room noted. 

In general then we have the following points where a series of 
samples should be taken at intervals: 

1. Raw milk at entrance to heater. (Temperature to be 
noted.) 

2. Heated milk after being held. (Time and temperature to 
be noted.) 

3. Milk as it comes from cooler. (Temperature to be noted.) 

4. Milk in bottles or cans. (Temperature and time of delay 
before placed in storage to be noted.) 
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5. Milk in bottles or cans after storage. (Temperature of 
milk and air in storage room, and length of storage period to be 
noted.) 

All samples should be iced and removed to the laboratory for 
dilution and plating as soon as possible. A chart showing the 
different stages where samples were secured can be made and 
the percentage reduction at each stage can be ascertained when 
the bacteria counts are known. A series of preferably five 
samples taken at intervals of several minutes at each point is 
essential in order that the true condition of the milk may be 
known throughout the process. 

Using the average of the raw milk counts as a basis, the reduc- 
tion at the various points can then be computed. A record of 
milk temperature, time of holding and of delays in handling, 
time of storage with temperature of storage room, are necessary 
for complete information. 

It is also essential that a check be made on any automatic 
time and temperature controlling device that may be present. 
By immersing the recording thermometer bulb in the same 
liquid with an accurate tested hand thermometer for a period 
of time, a comparison can be secured. Any automatic time- 
holding device should be checked by comparing the time of 
holding with an accurate watch. Continuous holding apparatus 
can be checked by noting the time required to fill or to empty 
the holder. The length of holding sometimes depends on the 
capacity and speed of a milk pump, the speed being under con- 
trol of a steam valve. By proper regulation of the speed of the 
milk pump, the time of holding may be controlled to some 
extent. 

In the case of vat holders, the length of time the entire batch 
of milk is held at the pasteurizing temperature should be checked. 
When time is required for the vat to become filled and emptied, 
only the length of time the entire quantity of milk is held at 
the pasteurizing temperature should be considered. Recording 
thermometer charts usually record from the time the milk 
enters the vat and in the interpretation of the chart record, the 
time when the vat becomes filled should be known and the time 
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of holding the milk at the proper temperature gauged from that 
point to the time the vat starts to be emptied. This may result 
in some milk being held longer than the required time because 
of the time of emptying the vat, but it is the only positive way to 
insure the holding of all the milk at the proper temperature for 
the desired period of time. 


INTERPRETATION OF RESULTS 


The following table has been taken as an example for inter- 
preting results from similar tests at many pasteurizing plants. 
The tests were made over a period of five days and are the aver- 
ages of 128 samples. 


Raw milk after clarifying: 

Temperature 

Count 

Heated and held: 

Time 

Temperature 

Count 

Reduction 

Off cooler: 

Temperature 

Count 

Reduction 

Bottled : 

Temperature 

Count 

Reduction 

Stored twenty-four hours: 

Temperature 

Count 

Reduction 


84 ** 

152,375 

30 minutes 
145** 

6,240 

96 per cent 

45.2** 

8,452 

94.4 per cent 

51** 

15,592 

89-7 per cent 

42.2** 

24,386 

83 per cent 



TKMPEBA- 

TUBE 

BACTEK1A 

COUNT 

PER CENT 
BACTERIA 
COUNT 
INCRBABE 

Increase due to milk passing over cooler. . . 


2212 

35.4 

Increase due to milk passing through 




bottler 

5.8° 

7140 

83.4 

Increase due to milk being stored twenty- 




four hours (^temperature decrease) 

•8.8° 

8894 

57.0 
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From the time of maximum reduction (96 per cent) to time 
the milk was in the bottle, reduction — 89.7 per cent — there was 
a difference of 6.3 per cent in reduction. This represents a total 
increase in temperature of 5.8®, and a bacteria count increase 
of 9352 per cubic centimeter or 149.8 per cent. 

From the time of maximum reduction (96 per cent) to the 
time of delivery, after twenty-four hours storage, reduction — 
83 per cent — there was a difference of 13 per cent in reduction. 
This represents a total decrease in temperature of 3° and a total 
increase in bacteria of 18,146 per cubic centimeter or 290.8 per 
cent. 

The reason for the increases should be sought, as there is 
evidence of a waste of energy in allowing increases to occur 
after a certain degree of reduction has been gained. 

Since the milk, after being reduced in bacterial content (96 
per cent), has passed over the surface of a cooler, that is the 
first point where attention to cleanliness and sterilization should 
be centered. Exposed surfaces always allow access for dust 
particles and bacteria which may be adhering to the same. 
Improper washing and sterilization of pipes and cooler surfaces 
allow milk to collect and sour and dry in crevices and joints. 
Milk passing through or over such accumulations become inoc- 
ulated. This is easily noted when the first milk over the cooler 
shows an excessive increase in bacterial content. A bacterial 
examination of sterile water run over the cooler prior to the milk- 
cooling operation will reveal the source of trouble. 

PUMPS 

« 

If milk is pumped, the condition of the inside of the pump 
may cause inoculation of milk. Securing the bacterial condi- 
tion of a series of milk samples secured before and after the 
prunping process, will determine the increase due to the agitation 
or inoculation caused by the pump. A bacterial examination 
of sterile water run through the pump when it is not in use may 
reveal a deposit of sour or dried milk which has becmne an 
inoculating agent. 
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BOTTLING MACHINE 

The bottling machine in a milk plant is sometimes a difficult 
piece of equipment to clean properly. The rubber parts and 
filling mechanism should be taken apart and thoroughly cleaned 
after each day’s run. If valves are not removed, an accumula- 
tion of drain-water occurs, and unless this is disposed of before 
the filling begins, the first bottles filled may show excessive 
bacterial counts as weU as added water. Such a condition has 
been noted quite frequently and is due to carelessness. An 
instance has been noted of the use of a strong disinfectant, in an 
attempt to sterilize the bottling machine and the presence of 
the disinfectant in the first milk bottled and delivered to con- 
sumers. This shows the extent of carelessness that may be at- 
tained in this respect. 

A bacterial examination of the drain-water or of sterile water 
run through the filling valves will help to determine the source 
of inoculation. 


BOTTLES 

Custom rules that the transparent glass bottle is the most 
common container for milk. Custom seems to also rule that 
it is the most misused container among the perishable food con- 
tainers which are used for marketing purposes. Economy rules 
that the cost of a glass bottle requires it to be used over and over 
in order that its value may be realized. 

It is a discouraging thing to know that sometimes when an 
empty milk bottle looks to be clean, in reality it is not. It is 
this deception which causes many bottles to be refilled with 
milk with no special attention being given to their washing and 
sterilization. 

The washing and sterilization of returned empty milk bottles 
in a city milk plant has become a difficult and expensive problem. 
In order to secure the best results, there must be several inspec- 
tions and then a final inspection for the detection of the visibly 
unclean bottles so that the business may not be injured by loss 
of trade or publicity because of unclean containers. 



546 


RUSSELL S. SMITH 


Returned bottles should be sorted before any attempt at 
washing is made. Those which contain visible dirt should 
go to the soaking machine for special attention, and those which 
are passed as washable should go to the rinsing, washing and 
steaming machines, which have quite recently been developed to 
a high degree of proficiency. The makers of bottle-washing 
machines do not claim that unwashable bottles can be made 
clean, neither do they insure the condition of the bottles after 
they leave the washing machine. Improper storage or handling 
may void the utmost previous precautions against inoculation. 

Bacterial tests for the condition of the empty bottles which 
are to be filled, should be made frequently. The method 
employed usually consists of rinsing empty bottles with about 
30 cc. of sterile water. Test tubes containing this quantity can 
be prepared in the laboratory and taken to the milk plant. 
Bottles ready to be filled are selected at random from the supply 
and the 30 cc. of sterile water poured in each. A milk bottle 
cap is then placed in each bottle and a thorough shaking given. 
Some of the rinse water from each is then drawn off into sterile 
test tubes and a bacteriological examination made of it in the 
laboratory. The total count of 1 cc. of the rinse water can be 
determined and then the bacterial condition of the bottle as 
affecting 1 cc. of milk poured therein, can be computed. While 
the inoculation per cubic centimeter of milk may in some 
instances be small, it must be remembered that the results show 
inoculation which may develop under favorable conditions with 
a detrimental effect on the milk. 

The inoculation of the milk from the milk bottle itself can 
be reduced to a minimum by thorough* washing, steaming and 
draining prior to filling. Such reduction of the chances of inoc- 
ulation should be the object of milk plant operators and milk 
inspectors alike. 

Under various conditions of washing and steaming of milk 
bottles at different milk plants, the inoculation per 1 cc. of 
milk that would come from bottles varied as the conditions 
varied. In order to show the effect of different methods, the 
following tables were prepared by differentiating between con- 
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ditions where good methods were in practice, and conditions 
other than good which were associated with high inoculation. 


Bottle washing (no mechanical washer or steamer) 


PLANTS 

BOTTLES 

AVEBAGK INITIAL INOCULATION 
PEB CUBIC CENTIMETER 

9 

30 

2636.0 

1 

15 

1192.4 

1 

20 

568.0 

1 1 

10 

395.0 

7 

90 

167.0 

1 

25 

78.1 

20 

190 

Average 458 . 2 


Range of initial bacterial inoculation, 0 to 9005. 


Mechanical wcLsher and steamer present 


1 

12 

238.0 

1 

8 

149.0 

1 

10 

j 137.0 

1 

10 

! 115.0 

3 

24 

92.9 

2 

45 

72.3 

1 

10 

4.8 

1 

20 

Less than 1 

1 

15 

Less than 1 

12 

154 

Average 78.8 


Range of initial bacterial inoculation, less than 1 to 900. 


Total plants 32 

Total bottles 344 

Average initial inoculations, all conditions 288.3 


Difference of 82.8 per cent in favor of mechanical washer and steamer. 

The illustration shows that when mechanical bottle w^ashers 
and steamers were used and special attention paid to the inspec- 
tion and storage after washing, that the average inoculation 
per cubic centimeter was 78.8, the range being from less than 1 
to 900. When other than these conditions for washing were 
used, the results showed a higher average and a wider range. 

T ftlfing all conditions, good and poor, of washing and steam- 
ing bottles at city milk plants, as shown by the following table. 
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the average inoculation per cubic centimeter secured by exam- 
ining 344 bottles at 32 plants, was 288.3, varying from less than 
1 to 9005. 

Under commercial conditions, it seems reasonable to expect 
the average bacterial inoculation of bottles to be confined 
within the average range secured when standard mechanical 
washers and steamers are in use, and care is given to storage 
prior to filling. Should the bacterial inoculation fall outside 
this average, it would be well to consider changes in methods 
and equipment, and to devote more attention to this part of the 
plant operation. 

An experiment was conducted at one milk plant to determine 
to what extent if any, the bacterial condition of bottles would 
be changed by rinsing with cool water just prior to filling. In 
this instance, the rinsing was desired because of a faulty storage 
consisting of upright bottles and a warm room. The following 
table shows the results of the tests on a case of bottles half of 
which were tested before rinsing and the other half being tested 
after rinsing. 


BEFORE 

BINBINO 

AFTER BINBIMO 

Total bottle count 


Total count 

Average initial inocula- 
tion per cubic centimeter 
mUk 

120,000 


16,000 

3.2 

3,840 

7.6 

6,200 

6.4 

16,200 

31.0 

2,000 

4.0 

31,200 

62.4 

4,800 

9.6 

44,400 

88.0 

6,600 

13.6 

42,028 

86.8 

3,720 

7.4 


Difference due to rinsing, 91.4 per cent. 


While a reduction of 91.4 per cent was secured by the rinsing 
and a slight cooling of the bottle resulted, the ojieration may be 
called impractical in that it constitutes an added expense of 
water and of equipment and handling, as a substitute for cor- 
rect storage by inverting bottles in a cool room. It also causes 
the handling of wet cases and bottles at the filling machine and 
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because of the rinsing, admits a chance for inoculation if the 
rinse water becomes contaminated. 

CANS 

The initial inoculation per cubic centimeter of milk which 
may be given when it is poured into a milk can should be a mat- 
ter of concern. The inoculation thus acquired is governed by 
the condition and number of cans used in the transportation and 
sale of the product, and in many instances the degree of inocu- 
lation becomes sufficient to seriously injure or ruin the milk. 

Since the milk can is the recognized last container which is 
used for transporting milk between the milk shipper and the 
city dairy, the responsibility of the condition of this container 
should be definitely fixed. Inoculation from cans varies from 
the efficiency of washing, steaming and drying and the length 
of time between the washing process and filling of cans with 
milk. 

The proper apparatus to be used in efficient can washing seems 
to be a wash tank with rushing facilities, rinsing tank, steam 
jet and air blast. Accompanying this equipment, there must 
be a proper storage space. No system of handling the cans is 
complete unless the metal can covers and lids or wooden plugs 
receive a thorough washing and drying. 

In the examination of milk cans under various washing and 
steaming conditions, it has been found that while some of the 
essential equipment was present, the entire operation was 
carried on so hurridly as to make the method ineffective. 

The usual procedure in the bacterial examination of empty 
milk cans is to secure a sample of drain water in the can, if suffi- 
cient is present, otherwise 200 cc. of sterile water is poured into 
the can. After a thorough rinsing, a sample of the rinse water 
is secured by pipette, placed in a sterile test tube and removed 
to the laboratory for bacterial examination. If the drain water 
is sampled, the count per cubic centimeter is multiplied by the 
quantity of the drain water to secure the total number of bac- 
teria in the can. If the sterile rinse water (200 cc.), has been 
introduced into the can, the bacteria count of the sample should 



550 


BtJSSELL S. SMITH 


be multiplied by 200 in order to secure the total number of bac- 
teria in the can. 

When the total bacteria per can is known, the number is 
divided by the volume of the can in cubic centimeters, in order 
to determine the probable initial inoculation per cubic centi- 
meter that would result if the can were to be filled with milk or 
other liquid. 

The following tests were carried on under three conditions 
classified as follows: 

1. Cans delivered to railroad for shipment to producers from 
plants having wash tanks, washing powder, hand brushes, and 
steam jets for washing and steaming. The cans were both wet 
and dry inside. 

2. Freshly washed cans at city milk plants having tanks, 
washing powder, hand brushes, and steam jets. All cans slightly 
moist. 

3. Freshly washed cans at milk plants having mechanical 
washing machine and air blast for drying cans. 

Condition 1 

Cans from milk plants were tanks, hand brushes, cleansing 
powder, and steam jets w’ere present. Examined at the railway 
station as they w'ere being sent to shippers. 


PLANTS 

TOTAL CANS 

CONDITION 

AVBRAOB INOCU- 
LATION 

BANQB 

29 

146 

Wet: 108 

647.994 

62 to 4.332.000 



Dry: 38 

1.870 

2 to 19.632 


Inoculation in wet cans 99.7 per cent more than in dry cans. 


In conjunction with the above conditions, it may be interest- 
ing to note the effect of a complete change of method and equip- 
ment such as was installed in one milk plant during the course 
of the investigations. 

Bacteria counts were made on a series of 10 cans as they were 
delivered to the railroad, before the new apparatus was installed, 
as follows: 
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CANS 

AVSiBAQi: AMOUNT 
OP DRAIN IN CANS 

AVBRAOB INOCULA- 
TION PER CUBIC 
CENTIMETER 

RANGE OP INOCULATION 


CC. 



9 

83 

88,500 

23,700 to 178,000 


After the can-washing machine with attached air blast was 
installed, bacteria counts were made on a series of 12 cans deliv- 
ered to the railroad as follows: 


CANS 

CONDITION 

AVERAGE INOCULATION 
PER CUBIC CENTIMETER 

RANGE OP INOCULATION 

12 

5 dry 

7 damp 

122 

52 to 634 


Difference of 99.8 per cent in condition of cans delivered to the railroad for 
shipment, due to the installation of can-washer, steamer and dryer. 


Condition 2 

Freshly washed cans at city milk plants, just prior to filling 
or shipping back to producers. Tanks, hand brushes, cleansing 
powder and steam jets were present. All cans slightly moist 
inside. 


PLANTS 

TOTAL CANS 

AVERAGE INITIAL INOCULATION 

4 

29 

684.0 

10 

131 

86.7 

3 

6 

1564.0* 

1 

11 

196.7 

6 

30 

162.0 

1 

16 

20.7 

1 

11 

205.8 

1 

10 

18.7 

27 

244 

Average 614.0 


Range of initial bacterial inoculation, 5.2 to 2750. 


In conjunction with the above conditions, it became possible 
to secure comparative tests when one milk plant installed a can 
steamer during the investigation. 

Bacteria tests were conducted on a series of 10 freshly washed 
cans when no facilities for thorough steaming were present: 
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AVSRAGS INITIAL 



GAK8 

CONDITION 

INOCULATION PER 
CUBIC CENTIMBTER 

RANGE 


10 

Slightly moist 

206.3 

60 to 675 


After a new can steamer was installed, a series of bacterial 
tests was made on 9 freshly washed cans as follows: 


CANS 

CONDITION 

AVERAGE INITIAL 
INOCULATION PER 
CUBIC CENTIMETER 

KANQi;: 

9 

Slightly moist 

97.3 

1.5 to 441 


The series of tests showed a difference of 53 per cent in favor 
of the installation and use of a can steamer. 

Condition S 

Freshly washed cans at milk plant. Washing machine and 
air blast used for washing and drying cans. 


PLANTS 

CANS 

AVERAGE INITIAL INOCULA- 
TION PER CUBIC CENTIMETER 

RANGE OF INOCULATION 

2 

10 i 

18.6 

Oto 62 

1 

34 

9.7 

Oto 331 

1 

16 

20.2 

1.3 to 91.6 

4 

60 

Average 14.0 

Range 0 to 331 .0 


From the foregoing conditions, it may be concluded that it is 
possible and thoroughly practicable to secure a comparatively 
low initial inoculation in milk cans when the proper apparatus 
is installed and in constant daily use. 

MILK BOTTLE CAPS 

The milk bottle cap may well be considered as a part of the 
final container of milk. "V^ile it may not be possible to meas- 
ure the degree of inoculation given to milk by the bottle cap, it 
must not be overlooked as a source of inoculation. 
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The possibility of inoculating milk by introducing infectious 
disease germs from the fingers of persons inserting milk caps into 
bottles, must be recognized as a chance source of infection. 

The use of machine cappers for inserting caps and the proper 
storage of the caps in sealed tubes, must be recommended as 
much more preferable than capping by hand. The bacterial 
condition of milk-bottle caps poorly stored in bulk lots and 
exposed to jnoisture, dust and flies has been compared with 
bottle caps properly stored in sealed tubes ready for the capping 
machine. While the initial inoculation is necessarily small 
because of the limited surface in contact with milk, nevertheless, 
a difference of 88.8 per cent in initial inoculation per cubic 
centimeter of milk in favor of caps in sealed tubes, was noted. 

The usual method of procedure in determining the bacterial 
condition of milk bottle caps is as follows : 

Secure a bunch of from 20 to 30 bottle caps as constituting a 
fair sample of those being used, taking care not to inoculate the 
surfaces. In the laboratory, the entire number of caps are 
placed in a sterile glass beaker. 

Sterile water, 100 or 200 cc., is then poured over the caps and 
a sterile pipette or rod, used to separate and stir the contents for 
several minutes. A sample of the wash water is then drawn 
into a sterile pipette and an examination carried on the same as 
for bottle and can rinse water. 

The total bacterial count per cubic centimeter is multiplied 
by the quantity of sterile water used, and the total count secured 
is then divided by the number of caps tested. This will give 
the approximate number of bacteria per cap, but as only one- 
half of the cap surface is exposed to the milk in the bottle, it 
is necessary to divide again by 2, to secure the approximate 
initial inoculation, resulting from the cap contact surface. 

It is not uncommon to find the initial inoculation per cubic 
centimeter of milk ranging from 0 to 400 for each cap, but the 
usual limits, where care is taken in storage, may be found between 
0 and 6. 


jrOTTRMAIi or DAXRT 80 XBK 0 S. TOZi. XXX, KO. 6 
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CONCLUSION 

Bacterial control of pasteurization and of the factors which 
may subsequently affect the milk, are essential to the industry. 
LaWatory facilities where bacterial tests may be conducted 
should be associated with every milk plant, because of the check 
that is thereby made possible on equipment and labor and on 
the quality of the product received and the product delivered. 

The initial innoculation given to milk, resulting from the bac- 
terial condition of exposed surfaces, coolers, bottling machines, 
pumps, pipes, milk bottles, milk cans, and bottle caps should be 
reduced to the minimum. This is only possible when strict 
daily attention is given to cleaning and sterilizing these contact 
surfaces. 

The knowledge of the degree of development of bacteria under 
favorable conditions causes a realization that initial inoculation 
given to milk may ultimately spoil it, and from an economical 
standpoint, at least, precaution is of value. 

Under proper conditions, it is possible and thoroughly prac- 
tical on a commercial scale to secure in subsequent containers, 
a comparatively small range of initial inoculation. This is 
evidenced from the foregoing tests which are fairly indicative of 
common practices, as found during investigations, observations 
and bacterial examinations, personally made, in 92 milk plants 
located in 27 cities. 

After a certain degree of reduction in bacteria content of milk 
has been secured by heating and holding for the specified time, 
it ,is poor business to allow the result to be made void or nearly 
so because of subsequent inoculation. * 

The process of pasteurization of milk and all of the factors 
which may influence the milk after it has been pasteurized should 
be under bacterial control, either by the milk-plant bacteriolo- 
gist or an experienced bacteriologist employed by the city board 
of health, for it is only when control is present that desired 
results are obtained. 



ABSTRACTS AND REVIEW OF DAIRY LITERATURE 

THE YEASTS^ 

The relation of bacteria to disease probably accounts for the thor- 
oughness with which they have been studied and the number of books 
which have been written upon bacteria and their activities. 

The yeasts are uniformly present in dairy products and play an 
important part in practically all fermentations, including bread mak- 
ing, and still there is little available literature on yeasts. In fact until 
recently there has not been a satisfactory text book on this subject. 

Appreciating the significance of the recent work of Dr. A. Guillier- 
mond, Dr. F. W. Tanner has joined with this author in producing a 
new text. This text makes available the scattered information con- 
cerning the morphology and physiology of yeast, giving particular 
attention to their cytology, development, nutrition, reproduction and 
alcoholic fermentation. Additional chapters present the methods of 
cultivation, of characterization and of indentification, followed by 
chapters on classification and description of known species. The list 
of described species includes not only the true yeasts but extends into 
the doubtful yeasts and related fimgi. 

While it is known that yeasts are always present in fair numbers in 
dairy products little or nothing is known of the sources from which 
they enter nor the means best calculated to regulate their activities. 
Our ignorance in these matters is in considerable part due to the lack 
of a suitable text for training students to handle and study yeasts. 
This text will be found of great value in meeting this need. 

H. A. Habding. 

'By A. Guillermond and F. W. Tanner. John Wiley and Sons, New York, 
1920. 
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DAIRY NOTES 

J. W. HENDRICKSON 

Department of Dairy Husbandry, University of Nebraska, Lincoln, Nebraska 

COLOBADO 

The following publications have been completed and sent out from 
the Dairy Department of the Colorado State College: Bulletin 202 
"Testing and Handling of Milk and Cream*^ by R. McCann, and 
"Dairy Marketing Survey in Colorado’’ by J. A. Raitt. 

The Station is at present working on the project, "Average Cost 
of Pasture for Dairy Cows,” and when completed they expect to have 
data of considerable value to the dairymen of Colorado and adjacent 
states. 

Men who were formerly connected with the dairy department of 
the Colorado State College are now located in the following positions: 

R. McCann, National Dairy Council, Chicago, 111. 

E. B. Darrow, Corbett Ice Cream Company, Denver, Colo. 

H. J. Haakenson, Fieldman, Boulder Creamery, Denver, Colo. 

E. Baker, Colorado Milk Producers Association, Denver, Colo. 

D. S. Jordan, Agricultural Professor, Monte Vista, Colo. 

Mr. C. N. Shepardson is a member of the Department staff in the 
position of assistant professor of dairying. 

MASSACHUSETTS 

The following changes have taken place in the department during 
the past year: 

Prof. O. A. Jamison resigned his position as associate professor of 
dairying to take up commercial work as manager of the Attleboro 
Milk Producers Company, Attleboro, Mass. 

Mr. Fred E. Wheeler resigned from his position as instructor of 
dairying, April 10, 1920 and is now connected with the Milk Producers 
Dairy Company of Pittsfield, Mass. 

Mr. D. L. James gave up the position of extension specialist in dairy- 
ing, May 22, 1920 in order to become manager of the Fall River Milk 
Producers Corporation. 
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Mr. S. E. Van Horn is also connected with thfe Fall River Milk 
Producers Corporation since leaving his position as buttermaker in the 
department. 

The following new men have come into the department during the 
past year: Mr. H. F. Judkins as assistant professor of dairying, Novem- 
ber 6, 1919; Mr. T. G. Yaxis, assistant professor of dairying, December 

27, 1919; Mr. Glen E. Upton, instructor of dairying, appointed April 

28, 1920, and Mr. Adelbert Sheffield took the place of Mr. Van Horn 
in August 1, 1920. Mr. H. F. Pendleton has recently been placed on 
the department staff as instructor of dairying. 

NEW JERSEY 
* 

The Dairy Department of the New Jersey Experiment Station is 
working on a project in cooperation with the United States Dairy 
Division. This project involves a comparison of line-breeding to out- 
crossing and of in-breeding to out-crossing. Jerseys are being used 
for the in-breeding work and Holsteins for the line-breeding ^in this 
experiment. A second generation of in-bred animals are now available 
in the New Jersey herd. 

Mr. John Hill» assistant dairy husbandman, resigned July 1, 1920, 
to go into commercial work. His place is being taken by Mr. S. W. 
Mead who recently completed his work for Masters Degree at Minnesota. 

Mr. Stanley B. Roberts has recently been added to the faculty as 
assistant dairy specialist. 

Mr. W. B. Combs, formerly a member of the New Jersey Dairy 
Department is now professor of dairying at Pennsylvania Agricultural 
College. 

Mr. L. S. Reford, who formerly occupied a similar position is now 
at Auburn, N. Y, in commercial work. 

TEXAS 

Mr. J. W. Ridgway resigned as head of the Dairy Husbandry 
Department June 1, in order to take up work as County Agent of Cooke 
County, Texas with headquarters at Gainsville. 

Mr. R. L. Pou was appointed professor of dairy husbandry, July 1, 
1920. 

Prof. J. A. Clutter came into the College Station Dairy department 
during the last year. 
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The most recent change in the department staff is the addition of 
Mr. A. L. Darnell, as associate professor of dairying, the appointment 
being effective September 1, 1920. 

CHANGES IN UNITED STATES DAIBY DIVISION PERSONNEL 

Resignations 

G. L. Oliver, dairy husbandman, in charge of dairy extension work 
in the Middle West, has purchased a farm near Richmond, Va., where 
he plans to put into practice his knowledge of dairying. 

C. L. Walp, scientific assistant in daiiying, who was employed as 
office assistant in .the dairy fanning section, has resigned to go as a 
partner with Mr. Oliver on his farm near Richmond. 

J. H. McClain, who has been in charge of southern dairy extension 
work for twelve years, has resigned to manage his own dairy farm at 
Campobello, South Carolina. 

0. A. Storvick, dairy manufacturing specialist, engaged in creamery 
investigations, has resigned to accept a position as Western Repre- 
sentative for the Gude Brothers Kieffer Company. 

W. M. Clark, dairy chemist, who has been employed on the chemical 
investigations in connection wit& the ripening of Swiss cheese, has 
resigned to accept a position with the Public Health Service. 

W. G. McGowan, agent in dairying, engaged in cofiperative dairy 
extension work in Mississippi, has resigned to accept a position in 
dairy extension work in the State of Virginia. 

W. E. Tomson, dairy husbandman, engaged in cooperative daily 
extension work in the State of Montana, has resigned to accept a 
position with the University of California. 

Earle BrintnaU, agent in dairying, engaged in cooperative dairy 
extension work in North Carolina, has resigned to accept a position 
in dairy extension work in the State of Mississippi. 

H. J. Childress, agent in dairying, engaged in cooperative dairy 
extension work in the State of Oklahoma, has resigned to accept the 
position of county agent in the State of Kentucky. 

W. E. Peterson, agent in dairying, engaged in codperative dairy 
extension work in the State of Kansas, has resigned to accept a position 
with the Minnesota Holstein-Friesian Breeders’ Association. 
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Appointments 

J. A. Conover, dairy extension worker in this Division 1906-1911, 
and superintendent of the Naval Academy Dairy, 1911-1920, has 
been appointed for the organization of bull associations. 

Alan Leighton, who received his B.S. degree from New Hampshire 
State College, and has taken graduate work in Cornell University, has 
been appointed as physical chemist in the Dairy Division laboratories, 
by transfer from the Bureau of Mines. 

E, L. Westover, who served as cooperative dairy extension worker in 
the State of Oregon since May 1, 1917, has resigned to do extension work 
for the American Guernsey Cattle Club. 

Lee Coe, cooperative extension cheese worker in North Carolina, 
died of appendicitis, at Boone, North Carolina, September 15, 1920. 
Mr. Coe was an expert checsemaker in New York State previous to 
his appointment in the Dairy Division, March 1, 1918. 
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